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 SUMMARY
The
obj
ect
ive
of
pro
jec
t 9
was
to
det
erm
ine
and
ass
ess
the
rel
ati
ons
hip
bet
wee
n c
onc
ent
rat
ion
s o
f s
ele
cte
d h
eav
y m
eta
ls
in
str
eam
wat
ers
, s
usp
end
ed
sed
ime
nts
, b
ott
om
sed
ime
nts
and
soi
ls
wit
hin
sel
ect
ed
agr
icu
ltu
ral
wat
ers
hed
s,
dra
ini
ng
int
o t
he
low
er
Great Lakes, with the aim of elucidating sources, and storage and
transport mechanisms of these elements. In support of these
goals, the main objective of the investigation reported here, was
to obtain reliable analytical information regarding concentrations
of Cu, Zn, Cd and Pb in waters and suspended sediments from the
six watersheds: AG 1 (Big Creek), AG3 (Upper Little Ausable
River), AG4 (Canagagigue), AG5 (Holiday Creek, tributary of
Middle Thames River), AGlO (North Creek, tributary of Twenty Mile
Creek), and AGl3 (west branch of Hillman Creek).
The very low concentrations (Hg/L and sub ug/L) at which
these trace elements are normally found in natural waters neces-
sitated careful execution of sampling and analysis. Central to
the attainment of accurate data was attention to contamination-
prevention, data quality control, and the participation of several
laboratories using different analytical approaches to sample
treatment and measurement. Procedures centering on sub-boiling
evaporation/flame atomic spectrometry, solvent extraction/flame
atomic spectrometry, and direct analysis by electrothermal
atomization spectrometry and differential pulse anodic stripping
voltammetry were applied to water samples, and atomic absorption
and optical emission spectrometry were applied to suspended
sediments and related solid samples. Considering the different
laboratories and methodologies, subsampling steps, and low trace
element levels, good agreement of analytical results was realized
for a large number of samples. The outcome of these extensive
experimental deliberations was a body of data from which were
extracted fairly reliable estimates of total, dissolved and
suspended sediment-contributed trace element concentrations.
I For the 11—21 samplings, during 1976 (including four
during the Spring of 1977) of streams draining the six water-
sheds, ranges of concentrations (ug/L) of elements in
 dis
sol
ved
for
m (
that
fra
cti
on
pas
sin
g t
hro
ugh
0.4
5 u
m f
ilt
ers
)
wer
e
fou
nd
to
be
O.5
~l8
.5
for
Cu,
0.l
—ll
.4
for
Zn,
0.0
0—0
.57
for
Cd,
and
0.0
—l3
.l
for
Pb,
wit
h m
edi
an
con
cen
tra
tio
ns
i
sta
nda
rd
err
ors
of
2.0
i 1
.8,
3.1
i 2
.7,
0.0
7 i
0.0
6,
and
0.1
i
0.2
for
Cu,
Zn,
Cd
and
Pb
res
pec
tiv
ely
.
Sus
pen
ded
sed
ime
nts
(concentration range 2—l9,000 mg/L, median 20 mg/L, defined
as that fraction of stream water components retained on 0.45
pm filters) contributed (Hg/L) 0.3—437 of Cu, 1.3—2850 of Zn,
0.0
0-l
l.4
of
Cd,
and
0.3
—39
9 o
f P
b w
ith
cor
res
pon
din
g m
edi
an
con
cen
tra
tio
ns
i s
tan
dar
d e
rro
rs
of
4.3
i 0
.5,
9.1
i 2
.6,
0.0
9 i
0.06
and
3.1
i 1
.1
for
Cu,
Zn,
Cd
and
Pb
res
pec
tiv
ely
.
Ran
ges
of total element concentrations and (medians i standard errors)
(pg/L) in stream waters were: Cu, 2.2—445 (3.9 i 2.6); Zn, 4.3—
2500 (17.2 i 4.9); Cd, 0.03—13.4 (0.08 i 0.02); Pb, 0.9—433 (3.7
1.0).
|
+
Levels of these elements in dissolved form Were generally
found to be independent of suspended sediment concentration
over the range 10—19000 mg/L, but levels contributed by the
suspended sediment were proportional to the sediment load of
the stream. For Cu and Zn, the proportion of the total element
concentration, associated with particulate stream material,
increased with suspended sediment concentration over the range
ca 0—100 mg/L and thereafter remained constant at pg 80—90%.
TH waters with low suspended sediment levels, below Ea 20 mg/L,
the majority of Cu and Zn is transported in dissolved form,
whereas the suspended sediment accounts for most of the trans—
port of these trace elements at higher particulate loads. The
very low levels of Cd and Pb in natural waters, coupled with
the experimental difficulties associated with their measurement,
preclude firm conclusions regarding these elements.
Trace element concentrations in water samples, determined
by acid leaching or solvent extraction treatment of the aque-
ous sample, without complete dissolution of the suspended
sediment, approached total concentration values determined by
complete destruction of particulate matter when suspended
sediment levels were low, but were more deviant at higher sus—
pended sediment loads. The former, however, were always
lower than total levels, but were generally reasonable estimates
of total concentrations.
The nature of the suspended sediment seemed to depend
on its concentration in the water. Both solubility and amount
of trace element leached-out by acid increased with decreasing
suspended sediment load, suggesting a change in the physical
and Chemical character of the particulate material with its
concentration in the stream. There was also a hint that the
concentration of Cu and perhaps other trace elements in the
particulate material, increased with decreasing suspended
sediment load.
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 INTRODUCTION
STUDY OBJECTIVES
The primary objective of project 9 was to determine and
assess the relationship between concentrations of selected
heavy metals in stream waters, suspended sediments, bottom
sediments, and soils within selected agricultural watersheds
draining into the lower Great Lakes, with the aim of eluci-
dating storage and transport mechanisms. In support of the
goals of project 9, the objectives of the investigation
reported here were:
(1) To assess, develop and adapt analytical methodo-
logy for the determination of trace and ultratrace
levels of copper, zinc, cadmium and lead in water
and suspended sediment samples.
(2) To obtain reliable analytical information regarding
concentrations of these metals in waters and sus-
pended sediments from six watersheds selected by
PLUARG for intensive study.
(3) To assess relationships between metal concentrations
in dissolved and particulate forms and to elucidate
metal transport and storage mechanisms.
All of these goals relate to the overall objective of PLUARG
in the agricultural watershed surveys, task C, activity 1
(International Reference Group on Pollution of the Great
Lakes from Land Use Activities (Land Drainage Reference Group)
1974): "to obtain data on the inputs of pollutants into the
Great Lakes Drainage System which have their.origin in the
complex land use activities known as agriculture", and to
the detailed objectives:
Phase II (Detailed Studies Program)
(1) To determine the effects of the soil, land use and
associated practices on ambient concentrations and
loading rates of selected pollutants from agricu-
lture. \
(2) To derive information on the mechanics of transport
and storage of these pollutants within the selected
agricultural watersheds.
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e
element concentrations and suspended sediment levels were
established, information was gleaned regarding the physical
and chemical nature of the suspended sediment, and conclusions
were formulated regarding the mode of storage and transport
of these trace elements in stream waters. It was expected
that the analytical data would be useful to other objectives
of project 9 dealing with relationship between trace element
levels in water components and bottom sediments and adjacent
soils, and cOrrelations of mineralogY, Clay content and
organic matter content of suspended sediment, bottom sediment
and soil with respective metal concentrations. As much infor—
mation was generated by the investigation described in this
report, it was mutally decided among the project leaders in
project 9, that two separate reports would be issued, one by
Whitby, MacLean, Schnitzer and Gaynor (1978), referred to as
project 9A, another by Ihnat (this report), designated project
9B.
WATERSHED LOCATIONS
 
Agricultural areas and the six representative agricul—
tural watershed chosen by PLUARG for intensive study are
located on the map of southern Ontario depicted in figure 1.
More detailed maps of locations and watershed boundaries may
be found in Frank and Ripley (1977). Brief descriptions of
the watershedsare given in Table 1; detailed documentation
regarding descriptions of the agricultural areas and the
small representative watersheds, including climatic zones,
soil types and potential for pollutant transfer to water
systems, agricultural land use inventory, and fertilizer use
is available in other reports (Agriculture Canada 1974, 1975;
Frank and Ripley, 1977).
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DATA COLLECTION METHODS
SAMPLING SITES AND SAMPLE COLLECTION
Stream water sampling sites, one in each watershed for
all sampling during 1976 and 1977, were selected near the out-
let sites of the streams from the watersheds and were usually
0n the upstream side of the bridges traversing the streams,
at the gauging stations. Locations of the sampling sites are
listed in Table 2. Drainage systems of each of the six water-
sheds and map locations of the water study sites are depicted
in Figures 2—7. The sampling sites for water samples for
this project are fairly well identical to the sites from which
water and bottom sediment samples were taken for projects 9A
(Whitby et al., 1978) and 8 (Wall, 1978). Detailed descriptions
of the sites and surrounding areas and exact locations of
water (and therefore suspended sediment) and bottom sediment
sampling sites were providedby K.L. LaHay. Parameters deter-
mined at the collection sites during sampling included stream
velocity,width and depth, water temperature and pH, and
dissolved 02 and C02. Details of collection and parameter
measurements are available from G. Wall. Attempts were made
to collect water samples during low andhigh flow conditions
and several "event" samples were collected.
For estimation of trace metals at the ug/L levels, posi-
tive or negative contamination
handling, sample treatment and
of continual concern, and care
many steps of the sampling and
glass and plastic ware used in
came in contact with the water
of the sample during sampling,
determination is a problem
was exercised at each of the
analytical procedures. All
collection and analysis, which
samples (with the exception of
membrane filters used in the field) were acid cleaned prior
to use. This was accomplished
by contacting the item with
l M reagent grade HN03 for at least 24 hr, and thoroughly rin—
sing with distilled or deionized water.
of water samples were left filled with deionized water until
required in the.field; they were then drained, recapped and
shipped to the samplers in Guelph.
Containers for collection
and storage of water samples were typically 1 L white, linear
polyethylene,
(LPE), narrow neck bottles with polypropylene
(PP) screw closures without liners, providing for leak-proof
-11..
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Con
—
tents of the latter vessel were agitated prior to dispensing,
to redisperse suspended sediment. Two acids, reagent grade
HNOg, and HCl were used for sample preservation, with 2 ml
of the 1:1 acid being dispensed into the l L sample imme—
diately after collection. Quadruplicate unfiltered water
samples were usually collected, one half acidified with each
preserving acid. Hydrochloric acid was the necessary matrix
for analyses by anodic stripping voltammetry. Samples col-
lected in 1977 were shipped unacidified; acidwas added to
one half of the samples in Ottawa.
Field-filtered samples were prepared as follows: Four
Sartorius polycarbonate 250 ml capacity filtering apparatuses
(no. SM 16510) were assembled in tandem and fitted with
Sartorius 47 mm diameter, 0.45 pm pore size cellulose acetate
membrane filters (no. SM 11106.047). The collection vessels
were rinsed with the filtered water samples, 1 L of filtered
water was collected by the application of vacuum with a hand
pump, poured into a rinsed (filtered water) polyethylene bot-
tle and acidified with HNOg. This procedure was repeated
with new membrane filters, and the collected filtrates were
acidified with HCl. Membrane filters were removed and placed
(in pairs with sediment sides in contact) in polyethylene—
lined bags.
Duplicate l L volumes of distilled water were similarly
filtered, and two other 1 L aliquots of distilled water were
poured from the storage vessel into collection bottles to pro—
vide respectively,
filtered and unfiltered quality control
blanks in order to monitor the collection-filtration—storage
procedure.
Water
and
suspended
sediment
samples
were
placed
in
cold
storage
(Ea
4°C)
at
the
sampler's
laboratory
in
Guelph,
and were
shipped
unrefrigerated,
shortly
thereafter
to
the
ana-
lytical
laboratory
at
the
Chemistry
and
Biology
Research
Institute
(CBRI),
in
Ottawa,
where
they
were
again
stored
at
93
4°C
until
analyzed.
Typically,
each
sampling
provided
a
total
of
8-10
1
L
samples:
two—four
unfiltered
natural
water
-12-
 samples one or two each preserved with HN03 and HCl, one fil—
tered natural water sample preserved with HN03, one filtered
natural water sample preserved with HCl, two unfiltered and
two filtered distilled water samples, one of each preserved with
HN03 and HCl, eight membrane filters containing suspended sediment
from the duplicate filtering of natural water, and eight membrane
filters from the duplicate filtering of distilled water. In
addition, seven blind replicate natural and distilled water
samples were sent to the Ottawa laboratory as part of the
quality procedure requested by PLUARG. Samples of the two
acids used for field preservation, added to aliquots of pure
deionized water supplied by the analytical laboratoryat CBRI,
and samples of the cellulose acetate filters used in the field
were also forwarded to Ottawa for determination of contamina—
tion levels. A total of 140 natural water samples, 100 dis—
tilled water control samples, and 30 suspended sediment—on—filter
samples (120 filters) were received for analysis. Thebulk
of these represented sampling during l976; several were obtained
during the 1977 Spring run—off. The few samples collected in
1975 were used for preliminary analyses.
CHEMICAL ANALYSIS
 
Of all the steps taken to insure analytical data of some
reliability, most important to this study was the involvement
of three other laboratories using several independently dif-
ferent analytical methods. Methodologies used for water and
sediment sample analysis, and cooperating principal investiga—
tors are listed in Table 3. Descriptions of these analytical
approaches and other facets of the experimental work are given
below.
Experimental Procedures in C.B.R.I. Laboratory
Subsampling of Water and Suspended Sediment Samples
Some time after receipt from the field, water samples
were subsampled in the author's laboratory to provide aliquots
of identical samples for analysis by the four laboratories
participating in water analysis (Ihnat, Stoeppler, Berman and
Gaynor). Samples were removed from cold storage, shaken to
redistribute settled sediment, and suitable portions were
poured into 60—200 ml clean, LPE bottles after rinsing with
sample solutions. Five hundred + ml of each sample was retained,
usually in the original container, for analysis in the author's
laboratory; the other subsamples were shipped to the three other
laboratories. One half of the natural water samples and 15%
of the distilled water control samples were subsampled.
Suspended sediment and residue samples were generally
divided into two groups for analysis. Those samples with
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ed
thr
oug
h
the
fla
mes
at
a h
eig
ht
of
5 m
m a
bov
e t
he
top
of
the
bur
ner
hea
d.
Ent
ran
ce
and
exi
t s
lit
s o
n t
he
mon
och
rom
ato
r w
ere
opt
imi
zed
at
50,
100
,
150
and
300
pm
for
Cu,
Zn,
Cd
and
Pb
res
pec
tiv
ely
,
cor
res
pon
din
g t
o r
esp
ect
ive
spe
ctr
al
ban
d p
ass
es
of
0.2,
0.3,
0.5
and
1.0
nm.
Abs
orb
anc
es
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e m
eas
ure
d a
t w
ave
len
gth
s f
or
Cu, Zn, Cd and Pb of 324.8, 213.9, 228.8 & 217.0 nm respectively,
and read on the digital read—out meter using a scale expansion
of 10x and typically a 10 sec integration period. All readings
were corrected for non—atomic absorbance by simultaneous use
of a H2 hollow cathode lamp (Varian Techtron) operated at a
current to match emission intensities of the analyte lamps.
In a typical atomic spectrometric determination, six com—
posite standard solutions containing 0-1000 ng/ml of each of
the four elements, and quality control samples Q1, Q2, AA, and BB
were run for one of the elements, followed by up to 10 sample
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se
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re
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ra
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th
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fi
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we
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ra
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fl
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ed
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at
ul
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p
l
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d
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Oc
ca
si
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ly
,
so
lu
ti
on
s
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th
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e
qu
an
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es
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du
e
we
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fi
lt
er
ed
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ro
ug
h
sm
al
le
r
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lt
er
se
ct
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cu
t
fr
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th
e
47
mm
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pe
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it
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we
r
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ct
io
n
ca
pa
bi
li
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.
In
ge
ne
ra
l,
th
e
es
ti
ma
te
d
de
te
ct
io
n
li
mi
t,
ba
se
d
on
th
re
e
ti
me
s
th
e
st
an
-
da
rd
de
vi
at
io
n
of
th
e
we
ig
ht
s
of
bl
an
k
fi
lt
er
s,
wa
s
ab
ou
t
0.
5
mg
.
Sus
pen
ded
sed
ime
nts
in
wat
er
sam
ple
s
co
ll
ec
te
d
in
the
Spr
ing
of
197
7 w
ere
iso
lat
ed
in
thi
s l
abo
rat
ory
by
fil
tra
-
tio
n
of
the
una
ci
di
fi
ed
sam
ple
s
thr
oug
h
ac
id
—cl
ea
ne
d
0.4
pm
Nuc
lep
ore
mem
bra
ne
fil
ter
s s
upp
ort
ed
on
Sar
tor
ius
fil
ter
hol
der
s
(wi
th
sil
ico
ne
gas
ket
s a
nd
fun
nel
s).
The
re
was
an
un-
avo
ida
ble
tim
e l
ag
bet
wee
n s
amp
le
col
lec
tio
n a
nd
pro
ces
sin
g.
Tha
t t
his
did
not
res
ult
in
any
ser
iou
s e
ffe
ct
is
evi
den
t
from the data presented in Fig. 31, page 116. The holders
wer
e c
lea
ned
dis
ass
emb
led
by
con
tac
tin
g w
ith
l M
HN0
3.
Fil
ter
s
were cleaned by inserting 4—5 together into a filter holder,
filtering through, 200 ml 1 M HN03 to fill pores with acid,
and soaking in l M HN03 for two days. They were then rinsed
with water, by filtration, to remove acid from the pores, and
soaked in water until used. The filtration procedure for
natural water samples was as follows: Three filter holders
were connected in series and to a water aspiratorpump, and
each was fitted with a clean filter. Each filter was rinsed,
by filtration, with 250 ml water and then in turn with the
same 50 ml aliquot of natural water sample (agitated to
redisperse settled sediment). The remainder of the l L sample
was then filtered in three equal portions through the three
filters, the filtrates were pooled and acidifed with 1 ml of
cone. HN03. In cases where filtration slowed considerably
due to Clogging of pores, new filters were inserted to complete
the filtration; 1% to 3 hrs. and 3—6 filters were required
for each of the four samples. Filters plus contents were
dried at ca 70°C, and suspended sediment concentrations in
the waters were computed from the weights of dry sediments
and total volume of water filtered. Tests with four dif-
ferent sediments showed that drying at 70°C gave weights
within 2-3% compared with drying at 1100C.
_
In a~typical elemental analysis scheme,
3-30 mg
(occa-
Sionally
< 1 mg)
of
dry
suspended
sediment
or
residue
was
-18...
  
we
ig
he
d
in
to
a
ta
re
d
30
ml
PT
FE
be
ak
er
fi
tt
ed
wi
th
a
co
ve
r,
and
ref
lux
ed
wit
h
2 m
l
con
c.
HN0
3
+
2 m
l
70%
HC
qu
for
2 h
rs.
at
210
°C.
The
cov
er
was
rem
ove
d,
the
vol
ume
of
the
sol
uti
on
was
red
uce
d t
o <
1 m
l a
nd
the
con
ten
ts
wer
e r
efl
uxe
d t
wic
e
for
30
min
. e
ach
, w
ith
two
0.5
ml
por
tio
ns
of
HF
to
com
ple
tel
y
dis
sol
ve
the
sam
ple
.
The
sol
uti
on
was
red
uce
d t
o n
ear
-dr
yne
ss,
coo
led
, b
eak
er
+ c
ont
ent
s w
ere
wei
ghe
d t
o 0
.00
1 g
, a
nd
70%
HC
qu
was
add
ed
to
giv
e a
tot
al
wei
ght
of
0.3
40
g 7
0%
HCq
u.
The
sol
uti
on
was
tra
nsf
err
ed
to
a g
rad
uat
ed
15
ml
pol
yet
hyl
ene
centrifuge tube and made to 2 ml; final HClOn concentration
was
1.2
M.
A r
eag
ent
bla
nk
was
run
wit
h e
ver
y f
ive
sam
ple
s,
and a number of samples were analyzed in duplicate to cal—
culate precision and detection limits. Several USGS rock
samples were also processed to get estimates of accuracy.
For determination of element levels by flame atomic
absorption spectrometry, instrumental parameters and pro—
cedures were similar to those described above except that
solution aspiration rate was reduced to ca 3 ml/min to
accommodate measurement with small volumes of solution
ava
ila
ble
.
Rea
d-o
ut
of
abs
orb
anc
e
was
on
eit
her
a s
tri
p
cha
rt
re
co
rd
er
(Hi
tac
hi
Mo
de
l
056
,
Pe
rk
in
—El
me
r
Cor
p.,
Nor
wal
k,
CT)
wit
h
B
or
C d
amp
ing
,
or
on
a
dig
ita
l
rea
d-o
ut
me
te
r w
it
h
3-1
0
sec
int
egr
ati
on
per
iod
,
and
sca
le
exp
ans
ion
s
of
lO—
50x
.
Me
as
ure
me
nt
s
wer
e
mad
e
fir
st
for
Cd
usi
ng
the
mo
st
co
nc
en
tr
at
ed
sol
uti
ons
(2
ml
vol
ume
).
The
sam
ple
sol
uti
on
was
the
n
di
lut
ed
wit
h
1.2
M
HC
qu
by
a
fac
tor
of
two
in
the
gr
ad
uat
ed
tub
e,
for
me
as
ur
em
en
t
of
Cu
and
Pb,
fol
low
ed
by
an
ad
di
ti
on
al
10—
fol
d
di
lut
io
n
for
de
te
rm
in
at
io
n
of
Zn.
Thi
s s
equ
enc
e o
f
mea
sur
eme
nt
and
dil
uti
on
was
ado
pte
d t
o r
ead
the
ele
men
t a
t t
he
low
est
exp
ect
ed
con
cen
-
tra
tio
n i
n t
he
mos
t c
onc
ent
rat
ion
sol
uti
on,
to
hav
e s
uff
i-
cie
nt
vol
ume
for
the
oth
er
ele
men
ts,
and
to
bri
ng
abs
orb
anc
e
rea
din
gs
on
sca
le.
Dil
uti
ons
wit
h r
esp
ect
to
the
ini
tia
l
vol
ume
wer
e 1
,
2,
2,
and
20
for
Cd,
Cu
and
Pba
nd
Zn
res
—
pectively.
Exp
eri
men
tal
Pro
ced
ure
s f
or
Ana
lys
is
of
Wat
er
Sam
ple
s i
n
Cooperating Laboratories
 
Br
ie
f
de
sc
ri
pt
io
ns
of
me
th
od
ol
og
ie
s
fo
ll
ow
ed
by
co
-
ope
rat
ing
lab
ora
tor
ies
are
pro
vid
ed
her
e,
bas
ed
on
inf
or-
mat
ion
and
pub
lic
ati
ons
com
mun
ica
ted
to
the
aut
hor
.
Perkin-Elmer Heated Graphite Atomizer/Atomic Absorption
Spectrometry - M. Stoeppler
Electrothermal atomization measurements for Cu, Cd and
Pb were carried out with a Perkin-Elmer AS-l Auto Sampling
-19-
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p
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d
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at
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ra
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0
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0
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0
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0
se
c)
,
24
00
0C
(5
se
c)
,
26
50
0C
(5
se
c)
.
Si
mu
l—
ta
ne
ou
s
no
n-
at
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g
th
e
28
2
nm
no
n—
ab
so
rb
in
g
li
ne
fo
r
no
n—
at
om
ic
co
mp
en
sa
ti
on
.
Af
te
r
bl
in
d
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at
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the
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The
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cod
e 2
A r
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to
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lim
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ry
dat
a o
bta
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d
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g
the
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to
its
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l
pot
ent
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2B
ref
ers
to
an
ext
ens
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sec
ond
set
of
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ult
s o
bta
ine
d u
sin
g
the full capability of the method.
Differential Pulse Anodic Stripping Voltammetry with
Hanging Mercury Drop Electrode (DPASV/HME), and with
Mercury Film Electrode (DPASV/MFE). — M. Stoeppler
and P. Valenta
 
Concentration data for early analysis of a small number
of samples was obtained using the DPASV/HME technique. All
other (the bulk) analyses were done with the technique of
DPASV/MFE (Nﬁrnberg e; 21. 1976, Valenta et a1. 1976) using
an adapted Polarographic Analyzer Model l7ZA—TPrinceton
Applied Research) in connection with a Hewlett-Packard X-Y
recorder Model 7004B. The sensitive rotating mercury film-
coated glassy carbon electrode was a modified construction
of Sipos, Magjer and Branica (1974). Both HNO3-and HCl—
preserved sample solutions were analyzed, with the latter
acid matrix preferred, and results were provided for Cu,
Cd and Pb. All analyses were done in duplicate, and again,
only supernatant liquid of unfiltered natural water samples
was sampled.
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 Varian Techtron Carbon Rod Atomizer/Atomic Absorption
Spectrometry - S.S. Berman and A. Desaulniers.
Measurements for all four elements were conducted with
a Varian Techtron electrothermal atomizer, CRA 63, with a
modified Model AAS spectrometer using 5 pl injections. All
solutions were analyzed with no treatment except dilution of
those too concentrated for this technique, and those samples
with insolubles were analyzed by sampling only the superna-
tant liquid. Calibration was done with standards of the
elements prepared in 0.1 M HNOg.
A total of 12 measurements
on each of the five standard solutions were made each day
and the 60 points (with rejections of odd outliers) were
fitted with regression curves. Points for Cu, Cd and Pb
were fitted with linear regression lines while a quadratic
fit was used for Zn.
Each sample was analyzed four times
sequentially and averaged absorbances of these four firings,
with no rejections,
were used to calculate element concen—
trations.
Confidence intervals were computed
from the fits
of calibration curves.
Non—atomic absorption compensation
using a H2 hollow cathode lamp, operated simultaneously,
was
applied for Zn, Cd and Pb in 33 2/3 of the samples using a
custom—made background corrector.
When element levels are
very low, multiple 5 pl injections were made with drying in-
between, and absorbances were read from calibration curves
prepared in an identical manner.
Solvent Extraction/Flame Atomic Absorption Spectrometry -
J.D. Gaynor
The metals Cu, Zn, Cd and Pb were determined by direct
solvent extraction from water samples and flame atomic spec—
trometry (Gaynor, 1977).
They were concentrated le in a
separatory funnel from 100 ml of water with an extracting
solution containing 0.4 g dithizone, 6.0 g quinolinol, and
200 ml acetylacetone
in l L n—butylacetate.
Twenty ml of 5%
ammonium tartrate and 2 drops of p-nitrophenol indicator was
added and the sample adjusted to pH 6 with 1:2 NHLOH or
tartaric acid crystals.
The water sample was saturated with
2 ml n-butylacetate after which 8 ml of the extractant was
added?
The mixture was shaken one minute and the aqueous phase
discarded after separation for 20 min.
The organic phase was
permitted to stand 10 min and the remaining aqueous phase dis—
carded.
The stem of the separation funnel was dried with a
filter paper and the organic phase diluted to 10 ml and analyzed
by atomic absorption spectrometry.
Organic standards were pre-
pared by adding metal of known concentration to 100 m1 deionized
water and extracting as
indicated for samples.
Organic solutions
were aspirated into an air-acetylene flame of an IL 251 atomic
spectrometer
(Instrumentation
Laboratory
Inc.r
Lexington,
Mass.)
and absorbances were read at a 4 sec integration time.
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 Table 3. Analytical methods for water analysis
Description Principal investigators Code
Analysis of water samples
Heat evaporation/ M. Ihnat and A.D. Gordon Evap/FAAS(l)
flame atomic CBRI, Agriculture Canada
absorption spectro- Ottawa
metry
Perkin—Elmer heated M. Stoeppler HGA/AAS(2A,ZB)
graphite atomizer/ Institute for Chemistry, 4
atomic absorption Nuclear Research Centre
spectrometry Juelich, Federal Republic
of Germany
Differential pulse M. Stoeppler and P. Valenta DPASV/HMDE(3A)
anodic stripping
voltammetry with
hanging mercury
drop electrode
Differential pulse M. Stoeppler and P. Valenta DPASV/MFE(3B)
anodic stripping
voltammetry with
mercury film electrode ‘
Varian Techtron S.S. Berman and A. Desaulniers CRA/AAS(4)
carbon rod atomizer/
atomic absorption
spectrometry
Solvent extraction/
flame atomic
absorption spectro—
metry
Acid digestion/
flame atomic
absorption spectro-
metry
Optical emission
spectrography
Analytical Chemistry Section
Division of Chemistry,
National Research Council of
Canada, Ottawa
J.D. Gaynor
Research Station
Agriculture Canada
Harrow
Analysis of sediment samples
M. Ihnat and A.D. Gordon
D.S. Russell and P. Tymchuk
Analytical Chemistry Section
Division of Chemistry,
National Research Council
of Canada, Ottawa
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AGRICULTURAL WATERSHED #3. UPPER LHTLE AUSABLE (HURON COUNTY)
PART OF AUSABLE DRAINAGE BASIN
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 AGRICULTURAL WATERSHED #5.HOLIDAY CREEK (OXFORD COUNTY)
PART OF MIDDLE THAMES DRAINAGE BASIN
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w
a
t
e
r
s
h
e
d
s
w
e
r
e
f
o
u
n
d
t
o
b
e
2
3
—
1
1
9
f
o
r
C
u
,
5
0
-
2
9
0
f
o
r
Z
n
,
0
.
1
-
7
.
9
f
o
r
C
d
,
a
n
d
2
1
—
2
8
0
f
o
r
P
b
,
w
i
t
h
m
e
d
i
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
s
t
a
n
d
a
r
d
e
r
r
o
r
o
f
5
2
i
5
,
1
6
5
i
3
9
,
1
.
1
i
0
.
8
,
a
n
d
7
0
i
3
6
f
o
r
C
u
,
Z
n
,
C
d
a
n
d
P
b
r
e
s
p
e
c
—
t
i
v
e
l
y
.
S
t
a
n
d
a
r
d
e
r
r
o
r
s
o
f
m
e
d
i
a
n
s
r
e
l
a
t
e
t
o
p
r
e
c
i
s
i
o
n
a
n
d
n
o
t
t
o
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
s
o
f
t
h
e
p
o
p
u
l
a
t
i
o
n
s
f
r
o
m
w
h
i
c
h
m
e
d
i
a
n
s
w
e
r
e
e
x
t
r
a
c
t
e
d
.
W
h
e
n
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
t
h
e
t
r
a
c
e
e
l
e
m
e
n
t
i
n
t
h
e
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
i
s
p
l
o
t
t
e
d
a
g
a
i
n
s
t
t
h
e
s
u
s
p
e
n
d
e
d
s
e
d
i
-
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
(
F
i
g
u
r
e
1
0
)
,
s
o
m
e
i
n
t
e
r
e
s
t
i
n
g
r
e
l
a
t
i
o
n
s
h
i
p
s
a
r
e
o
b
s
e
r
v
e
d
.
T
h
e
c
l
e
a
r
e
s
t
r
e
l
a
t
i
o
n
s
h
i
p
e
x
i
s
t
s
f
o
r
C
u
d
u
e
t
o
t
h
e
g
o
o
d
a
n
a
l
y
t
i
c
a
l
p
r
e
c
i
s
i
o
n
.
I
n
t
h
i
s
c
a
s
e
,
t
h
e
l
e
v
e
l
o
f
C
u
i
n
t
h
e
s
e
d
i
m
e
n
t
s
d
r
o
p
s
f
r
o
m
c
a
1
0
0
u
g
/
g
a
t
s
e
d
i
m
e
n
t
l
e
v
e
l
s
i
n
t
h
e
v
i
c
i
n
i
t
y
o
f
1
0
m
g
/
L
,
t
o
a
c
o
n
s
t
a
n
t
v
a
l
u
e
o
f
c
a
3
0
u
g
/
g
f
o
r
w
a
t
e
r
s
w
i
t
h
h
i
g
h
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
e
v
e
l
s
.
D
u
e
—
t
o
h
i
g
h
e
r
u
n
c
e
r
t
a
i
n
t
i
e
s
i
n
t
h
e
d
a
t
a
,
s
u
c
h
r
e
l
a
t
i
o
n
s
h
i
p
s
a
r
e
n
o
t
a
s
c
l
e
a
r
l
y
e
v
i
d
e
n
t
f
o
r
t
h
e
o
t
h
e
r
t
h
r
e
e
e
l
e
m
e
n
t
s
,
b
u
t
t
h
e
g
r
a
p
h
s
a
r
e
s
u
g
g
e
s
t
i
v
e
o
f
"
e
n
r
i
c
h
m
e
n
t
"
o
f
l
o
w
l
e
v
e
l
s
e
d
i
m
e
n
t
s
o
c
c
u
r
r
i
n
g
f
o
r
C
d
a
n
d
P
b
.
C
u
r
i
o
u
s
l
y
,
s
u
c
h
a
t
r
e
n
d
i
s
n
o
t
e
v
i
d
e
n
t
f
o
r
Z
n
,
a
n
e
l
e
m
e
n
t
c
l
o
s
e
l
y
r
e
l
a
t
e
d
t
o
C
d
,
w
h
i
c
h
s
h
o
w
s
a
r
a
t
h
e
r
c
o
n
s
t
a
n
t
l
e
v
e
l
o
f
1
7
0
u
g
/
g
o
v
e
r
a
l
l
s
a
m
p
l
e
s
.
I
n
a
l
l
i
n
s
t
a
n
c
e
s
,
t
h
e
p
o
i
n
t
s
f
o
r
t
h
e
e
x
t
r
e
m
e
l
y
h
i
g
h
s
e
d
i
m
e
n
t
l
e
v
e
l
o
f
1
9
,
0
0
0
m
g
/
L
f
a
l
l
i
n
t
o
t
h
e
p
a
t
t
e
r
n
s
s
u
g
g
e
s
t
e
d
b
y
t
h
e
r
e
m
a
i
n
i
n
g
d
a
t
a
.
T
h
e
s
c
a
t
t
e
r
o
f
d
a
t
a
b
e
y
o
n
d
i
n
d
i
v
i
d
u
a
l
e
r
r
o
r
l
i
m
i
t
s
s
u
g
g
e
s
t
,
h
o
w
—
e
ve
r
,
t
h
a
t
e
x
c
e
p
t
i
o
n
s
t
o
t
h
e
g
e
n
e
r
a
l
t
r
e
n
d
s
o
c
c
ur
;
it
w
o
u
l
d
i
n
d
e
e
d
b
e
i
n
t
e
r
e
s
t
i
n
g
to
a
s
c
e
r
t
a
i
n
w
h
e
t
h
e
r
t
h
e
s
e
r
e
l
a
t
i
o
n
s
h
i
p
s
a
g
r
e
e
w
i
t
h
m
i
n
e
r
a
l
o
g
i
c
a
l
a
n
d
c
h
e
m
i
c
a
l
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
s
o
f
th
es
e
s
us
p
e
n
d
e
d
se
di
me
nt
s
or
wh
e
t
h
e
r
in
fa
ct
ou
r
e
s
t
i
m
a
t
e
s
of
er
ro
r
ar
e
to
o
co
ns
er
va
ti
ve
.
Co
nt
ri
bu
ti
on
s
of
su
sp
en
de
d
se
di
me
nt
to
tr
ac
e
el
em
en
t
le
ve
ls
in
th
e
st
re
am
wa
te
rs
we
re
co
mp
ut
ed
fr
om
co
nc
en
tr
at
io
ns
of
su
s—
pe
nd
ed
se
di
me
nt
s
in
th
e
wa
te
r
sa
mp
le
s
an
d
co
nc
en
tr
at
io
ns
of
tr
ac
e
el
em
en
ts
in
th
e
se
di
me
nt
s,
an
d
ar
e
li
st
ed
in
Ta
bl
e
6.
Ov
er
al
l
th
e
sa
mp
le
s,
su
sp
en
de
d
se
di
me
nt
s
co
nt
ri
bu
te
d
0.
3—
43
7
pg
Cu
/L
,
1.
3-
28
50
pg
Zn
/L
,
0.
00
—l
l.
4
pg
Cd
/L
an
d
0.
3—
39
9
ug
Pb
/L
,
wi
th
-32-
x
“
—
#
co
rr
es
po
nd
in
g
me
di
an
con
cen
tra
tio
ns
i
sta
nda
rd
err
or
of
4.3
i 0
.6,
9.1
:r
2.8
,
0.0
9
i 0
.06
,
and
3.1
i
1.1
ug/
L.
it
Con
cen
tra
tio
ns
of
dis
sol
ved
tra
ce
ele
men
ts,
def
ine
d
as
lev
els
in
nat
ura
l
wa
te
r
fil
tra
tes
pas
sin
g
thr
oug
h
0.4
-
0.
45
um
fi
lt
er
s,
ar
e
co
mp
il
ed
in
Ta
bl
e
7.
Di
ss
ol
ve
d,
as
def
ine
d
her
e,
thu
s
enc
omp
ass
es
the
sum
of
the
tra
ce
ele
men
ts
di
st
ri
but
ed
ove
r
a r
ang
e
of
all
pos
sib
le
spe
cie
s
pre
sen
t
in
sol
uti
on
ra
ng
in
g
fro
m
tru
e
sol
uti
ons
of
hyd
ra
te
d
and
co
mp
le
xed
for
ms
thr
oug
h
ele
men
ts
as
so
ci
at
ed
wit
h
lar
ger
org
ani
c
spe
cie
s
to
col
loi
dal
di
sp
er
si
on
s
and
par
tic
les
up
to
ca
45
0
nm
in
di
am
et
er
.
Th
e
te
rm
is
no
t
re
st
ri
ct
ed
to
tr
ue
mo
le
cu
la
r
so
lu
ti
on
s
bu
t
do
es
ha
ve
a
pr
ac
ti
ca
l
si
gn
if
ic
an
ce
.
Le
ve
ls
li
st
ed
in
th
e
Ta
bl
e
ha
ve
ra
th
er
la
rg
e
as
so
ci
at
ed
rel
ati
ve
err
ors
re
sul
ti
ng
fro
m
the
ne
ce
ss
it
y
to
app
ly
som
e
rat
her
lar
ge
cor
rec
tio
ns
for
fil
tra
tio
n
pro
ced
ure
co
nt
am
in
at
io
n
and
be
ca
use
the
lev
els
are
ver
y
low
.
The
se
con
sid
era
tio
ns
to
ge
th
er
wi
th
th
e
po
ss
ib
il
it
y
of
tr
ac
e
el
em
en
t
ad
so
rp
ti
on
by
th
e
me
mb
ra
ne
fi
lt
er
s
an
d
ot
he
r
ex
pe
ri
me
nt
al
un
ce
rt
ai
nt
ie
s
at
su
ch
lo
w
le
ve
ls
,
le
ad
to
ac
ce
pt
in
g
th
es
e
va
lu
es
as
es
ti
ma
te
s
of
di
ss
ol
ve
d
tr
ac
e
el
em
en
t
co
nc
en
tr
at
io
ns
.
Fo
r
sa
mp
le
s
fr
om
al
l
th
e
wa
te
rs
he
ds
,
ra
ng
es
of
el
em
en
t
co
nc
en
tr
at
io
ns
in
di
s—
so
lv
ed
fo
rm
we
re
fo
un
d
to
be
(p
g/
L)
:
Cu,
0.
5—
18
.5
;
Zn,
0.
1-
11
.4
;
Cd
,
0.
00
—0
.5
7;
an
d
Pb
,
0.
0-
13
.l
,
wi
th
me
di
an
s
i
st
an
da
rd
:
er
ro
r
of
2.
0
i
1.
8,
3.
1
i
2.
7,
0.
07
i
0.
06
an
d
0.
1
i
0.
2
ug
/L
!
for Cu, Zn, Cd and Pb respectively.
To
ta
l
co
nc
en
tr
at
io
ns
of
tr
ac
e
el
em
en
ts
in
st
re
am
wa
te
rs
ar
e
ta
bu
la
te
d
in
Ta
bl
e
8.
Th
es
e
co
nc
en
tr
at
io
ns
ma
y
be
de
fi
ne
d
as
th
e
su
ms
of
co
nt
ri
bu
ti
on
s
fr
om
su
sp
en
de
d
se
di
me
nt
an
d
di
s~
so
lv
ed
fo
rm
s
di
sc
us
se
d
ab
ov
e.
Th
ey
we
re
in
fa
ct
de
te
rm
in
ed
in
tw
o
in
de
pe
nd
en
t
wa
ys
,
as
di
sc
us
se
d
in
Ap
pe
nd
ix
I,
ba
se
d
on
co
nc
en
tr
at
io
ns
me
as
ur
ed
in
un
fi
lt
er
ed
an
d
fi
lt
er
ed
wa
te
r
sa
mp
le
s
pl
us
th
e
ap
pr
op
ri
at
e
co
nt
ri
bu
ti
on
s
of
su
sp
en
de
d
se
di
me
nt
s
an
d
re
si
du
es
,
an
d
th
e
be
st
se
le
ct
ed
va
lu
es
ha
ve
be
en
li
st
ed
he
re
.
To
ta
l
co
nc
en
tr
at
io
n
(H
g/
L)
ra
ng
es
an
d
me
di
an
s
i
st
an
da
rd
er
ro
r
fo
r
th
e
si
x
wa
te
rs
he
ds
we
re
:
Cu
,
2.
2—
44
5,
3.
9
i
2.
6;
Zn
,
4.
3-
25
00
,
17
.2
i
4.
9;
Cd
,
0.
03
—1
3.
4,
0.
08
i
0.
02
;
an
d
Pb
,
0.
9—
43
3,
3.
7
i
1.
0.
Th
is
,
pl
us
al
l
th
e
pr
ec
ed
in
g
in
fo
rm
at
io
n
is
pr
es
en
te
d
in
su
mm
ar
y
fo
rm
in
Ta
bl
e
9,
an
d
is
de
pi
ct
ed
gr
ap
hi
ca
ll
y
in
Figures 11—18.
Co
nc
en
tr
at
io
ns
of
di
ss
ol
ve
d
an
d
to
ta
l
Cu
,
Zn
,
Cd
an
d
Pb
ar
e
di
ag
ra
ma
ti
ca
ll
y
pr
es
en
te
d
in
Fi
gu
re
s
11
,
12
,
13
an
d
14
re
sp
ec
ti
ve
ly
,
as
fu
nc
ti
on
s
of
wa
te
rs
he
d
an
d
sa
mp
li
ng
ti
me
s.
Su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
ar
e
al
so
pl
ot
te
d
fo
r
in
fo
rm
at
io
n
an
d
fo
r
re
la
ti
on
to
me
ta
l
le
ve
ls
.
Ea
ch
po
in
t
re
pr
es
en
ts
on
e
sa
mp
li
ng
da
te
wi
th
th
e
ex
ce
pt
io
n
th
at
th
e
la
st
tw
o
(R
HS
)
po
in
ts
fo
r
AG
S
re
pr
es
en
t
tw
o
si
te
s
sa
mp
le
d
on
th
e
sa
me
da
te
.
Wh
er
e
to
ta
l
co
nc
en
tr
at
io
ns
we
re
un
av
ai
la
bl
e,
di
ss
ol
ve
d
+
ac
id
-
an
d
so
lv
en
t
-
ex
tr
ac
ta
bl
e
Co
nc
en
tr
at
io
ns
,
ha
ve
be
en
in
cl
ud
ed
fo
r
co
mp
le
te
ne
ss
,
as
es
ti
ma
te
s
of total concentrations.
_33_
 T
o
t
a
l
,
d
i
s
s
o
l
v
e
d
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
-
c
o
n
t
r
i
b
u
t
e
d
l
e
v
e
l
s
o
f
C
u
,
Z
n
,
C
d
a
n
d
P
b
a
r
e
p
l
o
t
t
e
d
,
a
s
f
u
n
c
t
i
o
n
s
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
,
i
n
F
i
g
u
r
e
s
1
5
,
1
6
,
1
7
,
a
n
d
1
8
r
e
s
p
e
c
-
t
i
v
e
l
y
.
R
e
a
s
o
n
a
b
l
y
f
i
r
m
r
e
l
a
t
i
o
n
s
c
o
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
f
o
r
C
u
,
Z
n
a
n
d
P
b
,
p
a
r
t
i
c
u
l
a
r
l
y
f
o
r
t
h
e
f
i
r
s
t
t
w
o
e
l
e
m
e
n
t
s
,
b
u
t
n
o
t
f
o
r
C
d
d
u
e
t
o
t
h
e
s
c
a
r
c
i
t
y
a
n
d
i
m
p
r
e
c
i
s
i
o
n
o
f
d
a
t
a
.
T
h
e
m
o
s
t
s
t
r
i
k
i
n
g
o
b
s
e
r
v
a
t
i
o
n
i
s
t
h
e
g
e
n
e
r
a
l
i
n
d
e
p
e
n
d
e
n
c
e
o
f
c
o
n
c
e
n
t
r
a
—
t
i
o
n
s
o
f
d
i
s
s
o
l
v
e
d
t
r
a
c
e
e
l
e
m
e
n
t
,
o
v
e
r
t
h
e
r
a
n
g
e
9
3
1
0
—
7
4
0
m
g
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
/
L
,
a
n
d
e
v
e
n
e
x
t
e
n
d
i
n
g
t
o
t
h
e
o
n
e
f
i
e
l
d
e
r
o
s
i
o
n
s
i
t
e
s
a
m
p
l
e
w
i
t
h
1
9
,
0
0
0
m
g
s
e
d
i
m
e
n
t
/
L
.
I
g
n
o
r
i
n
g
f
o
r
t
h
e
m
o
m
e
n
t
,
t
h
e
t
w
o
h
i
g
h
C
u
a
n
d
P
b
v
a
l
u
e
s
,
w
e
c
a
l
c
u
l
a
t
e
f
o
r
s
a
m
p
l
e
s
f
r
o
m
t
h
e
s
i
x
w
a
t
e
r
s
h
e
d
s
,
m
e
a
n
d
i
s
s
o
l
v
e
d
—
f
o
r
m
c
o
n
c
e
n
t
r
a
t
i
o
n
s
:
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
(
N
o
.
o
f
s
a
m
p
l
i
n
g
d
a
t
e
s
)
o
f
2
.
2
i
1
.
2
(
2
0
)
p
g
C
u
/
L
,
3
.
6
i
3
.
1
(
l
7
)
p
g
Z
n
/
L
,
0
.
1
2
i
0
.
1
7
(
l
3
)
u
g
C
d
/
L
,
a
n
d
0
.
3
2
i
0
.
5
0
(
1
0
)
p
g
P
b
/
L
.
T
h
i
s
m
e
a
n
s
t
h
a
t
,
w
i
t
h
9
5
%
c
o
n
f
i
d
e
n
c
e
,
w
e
c
a
n
s
a
y
t
h
a
t
a
s
a
m
p
l
e
o
f
w
a
t
e
r
f
r
o
m
a
n
y
o
f
t
h
e
s
t
r
e
a
m
s
f
r
o
m
A
G
1
,
3
,
4
,
5
,
1
0
a
n
d
1
3
,
w
i
l
l
c
o
n
t
a
i
n
,
i
n
d
i
s
s
o
l
v
e
d
f
o
r
m
,
0
-
4
.
6
p
g
C
u
/
L
,
0
-
1
0
p
g
Z
n
/
L
,
0
—
0
.
5
0
p
g
C
d
/
L
,
a
n
d
0
-
l
.
5
p
g
P
b
/
L
.
G
e
t
t
i
n
g
b
a
c
k
t
o
t
h
e
h
i
g
h
v
a
l
u
e
s
f
o
r
d
i
s
s
o
l
v
e
d
C
u
a
n
d
P
b
,
t
h
e
s
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
1
8
.
5
p
g
C
u
/
L
a
n
d
1
3
.
1
p
g
P
b
/
L
a
r
e
E
a
9
x
a
n
d
4
0
—
1
3
0
x
l
a
r
g
e
a
s
t
h
e
r
e
s
p
e
c
t
i
v
e
m
e
a
n
o
r
m
e
d
i
a
n
v
a
l
u
e
s
.
C
u
r
i
o
u
s
l
y
,
b
o
t
h
a
r
e
f
o
r
o
n
e
s
a
m
p
l
i
n
g
o
n
2
6
0
3
7
6
o
f
A
G
4.
U
n
f
o
r
t
u
n
a
t
e
l
y
,
b
o
t
h
a
l
s
o
r
e
s
u
l
t
f
r
o
m
o
n
e
a
n
a
l
y
s
i
s
b
y
o
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 The proportion of the element carried by the suspended
sediment, expressed as a percentage of the total concentration
in the stream water, is plotted as a function of the suspended
sediment level in Figure 19. Something regarding the mechanism
of metal transport can be said by reference to these plots.
For Cu and Zn, the proportion of the total element leVel associ-
ated with particulate stream material, was obServed to increase
with suspended sediment concentration over the range ca 10—100
mg/L, and thereafter remained constant at 80—90% up t5_740 mg/L.
These proportions would be expected to increase slowly with
sediment load to approach 100% at high sediment levels as sug—
gested by the 19000 mg/L point. The two curves cross 50% at a
suspended sediment concentration of ca 20 mg/L. Thus, in waters
with low suSpended sediment levels, 5510w ca 20 mg/L, the
majority of Cu and Zn is transported in the dissolved state,
whereas the particulate material accounts for most of these trace
elements at higher suspended sediment levels. Rather large
errors arising from experimental uncertainties and propagation
of error for the quotients, however, suggest that these conclu-
sions be accepted with reservation. No such trends were noticed
for Cd and Pb; the very low levels of Cd and Pb in natural waters,
coupled with the experimental difficulties associated with their
measurement, precludes firm conclusions regarding these elements.
Con
cen
tra
tio
ns
of
the
fou
r t
rac
e e
lem
ent
s i
n r
esi
due
s (
acid
-
1eached suspended sediments) on a dry basis are listed in Table 10.
Ranges of concentrations (pg/g) for samples from the six water-
sheds were found to be 0.0 - 16.9 for Cu, 4—300 for Zn, 0.0—4.3
for Cd, and 0—98 for Pb, with median concentrations i standard
err
or
of
9.0
i 1
.8,
30
i 1
3,
0.0
i 0
.2
and
16
i 1
2 f
or
Cu,
Zn
Cd and Pb respectively. This information is included in Table 9
for
com
par
iso
n w
ith
cor
res
pon
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g d
ata
for
sus
pen
ded
sed
ime
nts
.
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t c
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Fig
ure
20.
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invariably, levels of Cu, Zn, Cd and Pb in suspended sediments
are
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n c
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ond
ing
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idu
es.
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se
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ships are further explored in Figure 21 in which the ratios,
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n o
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con
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con
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0 m
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s b
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sed
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phy
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mat
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h
its
con
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0 m
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m c
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0 m
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 Table 4. Suspended Sediment and residue concentrations in
waters of agricultural watersheds 1, 3, 4, 5, 10 3
and 13.
Watershed Mean concentration (no. of analyses) : standard error,
and
s//n, mg/La
sampling date
Suspended sedimentb Residuec
+ +
Watershed AGl
290376 71(2) 8 30.0(2) 1.3
260776 11(1) 12 74.5(4) 1.0
051176 80(5) 5 26.0(1) 1.9
130377 740(1) 10 532 (2) 6.4
Watershed A63
050476 10(1) 12 —
080676 16(3) 7 0.8(1) 0.7
190776 15(3) 7 3.6(5) 0.3
141076 64(3) 7 6.2(4) 0.4
Watershed AG4
260376 329(2) 8 228 (1) 9
010676 - 1.0(7) 0.3
120776 47(3) 7 16.8(1) 1.9
071076 13(3) 7 13.5(3) 1.1
Watershed AGS
310376 2(1) 12 -
030676 12(1) 12 2.0(1) 0.7
150776 16(4) 6 14.4(2) 1.3
210776 33(4) 6 28.5(2) 1.0
250876 7(2) 8 ~0.6(3) 0.4
051076 11(1) 12 0.9(2)d 0.5
250377—1 19.0 x 103(1) 13 4 x 103(est)
250377—5 350(1) 10 247 (2) 6
Watershed AG10
300376 125(2) 8 118 (2) 1
020676 31(2) 8 -
140776 48(4) 6 23.8(1) 1.9
121076 79(2) 8 42.4(2) 1.3
Watershed AG13
290376 6(1) 12 4.6(2) 0.5
270776 9(2) 8 5.6(4) 0.4
041176 9(3) 7 12.5(2) 1.3
030377 685(1) 10 466 (2) 6
(a) Data have been averaged over 1-4 subsamples and analyses by
1-3 laboratories.
(b) Means of selected values obtainedin 1—3 laboratories.
(c) Residue refers to solid material remaining after evaporation of
acidified water sample to a small volume. All data are for
unfiltered water samples and therefore represent acid—leached
suspended sediments. Weights of residue obtained have been
converted to a concentration in the original sample volume. Deter—
mined by M. Ihnat.
(d) Rough estimate based on relationship, residue level = 0.70x
suspended sediment level, found for the other three 1977 samples.
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men
t :
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Watershed AG1
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260776
051176
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19.9
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215 2
u
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-
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-
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-
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-
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—
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—
-
—
—
_
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260376 10.5 1.0 36
010676 - - —
12
07
76
3.
1
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5
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07
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76
0.
3
0.
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m
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I
#
1
0
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150776
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-
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—
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0
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1.8
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—
-
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3
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2
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0
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2
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1
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1
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4
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3
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5
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—
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5
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8
—
0 0
8
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0
1
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Watershed AG4
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8
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5
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8
-
13
.1
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3
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8
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8
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5
—
0.
1
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2
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76
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9
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6
3.
1
2.
7
—
1.
6
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3
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76
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5
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8
-
0.
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0
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Watershed AGS
310
376
—
-
0.0
2
0.0
4
0.1
0.3
03
06
76
2.
0
1.
8
2.
9
2.
5
—
—
15
07
76
—
-
-
-
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76
-
-
-
—
25
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76
.
0.
8
1.
8
—
—
051
076
1.8
1.8
—
-
0.1
0 2
250
377
—1
2.0
2.0
0.8
1.3
0 0
3
0.0
4
-
250
377
—5
1.4
2.0
5.3
1.3
O 0
8
0.0
4
—
Watershed AGlO
3003
76
—
—
4.8
2.8
0.57
0.06
-
0206
76
2.2
1.8
11.4
3.9
-
-
140
776
3.0
1.8
0.8
2.5
-
-
121
076
-
0.7
2.8
—
_
Watershed A613
290376 - 7.0 2.9 0.00 0.05 0 1 0.2
270776 2.3 1.8 - — O 0 0.2
041176 2.0 1.8 — 0.05 0.05 0.1 0.2
030377 5.6 2 0 4.1 1.3 0.41 0.04 0 8 0.5
a
These are estimates of trace element levels in water filtrates
passing through 0.4 — 0.45 um filters, representing "dissolved"
concentrations.
Concentrations, X, measured in filtered water samples have been
corrected for estimated filtration procedure contamination based on
levels found in distilled and deionized water control samples, to
give the data reported here. Standard errors reported above were
calculated by propagation of error formulas from errors in i and in
the correction factors. Refer to Table 40 and Appendix II for
details.
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 Table 8. Total Concentrations of Cu, Zn, Cd and Pb in waters of
agricultural watersheds 1, 3, 4, 5, 10 and 13a
Watershed Mean concentration i standard error, s//n, ug/Lb
and
sampling date
Cu Zn Cd Pb
: i i :
Watershed AGl
290376 - * — - - ~ 2.5 1.9
260776 4.8 1.7 17.2 4.9 0.04 0.04 3.0 0.8
051176 5.6 2.0 8.0 1.0 0.03 0.02 2.7 0.9
130377 32.8 5.1 252 43 1.44 0.52 28.7 13.6
Watershed AG3
050476 - - - - - — - -
080676 — - - ~ - - — -
190776 - - - — - - — —
141076 2.2 0.7 4.3 1.0 0.07 0.02 1.1 0.8
Watershed AG4
260376 37.5 10.7 58.2 19.4 0.29 0.02 45.6 12.8
010676 — ~ - - ~ — - —
120776 3.9 2.6 7.2 3 9 — — 8.7 2.0
071076 2.3 0.7 10.6 3 5 0 14 0 05 1.4 0.7
Watershed AG5
310376 - — - — — — - -
030676 — — — - - - - -
150776 3.1 0.7 11.1 1.1 0.05 0.02 1.2 0.7
210776 3.7 0.8 11.2 3.5 0.06 0.02 4.6 0.8
250876 - - — — - — — -
051076 — — - — - — - -
250377—1 445 >26 2500 500 13.4 >l.9 433 257
250377—5 11.6 1.9 64.0 9.9 0.37 0.24 13.5 6.5
Watershed AG10
300376 9.2 0.8 37.0 3.5 0.08 0.03 4.3 1.2
0206
76
3.2
1.3
-
-
0.04
0.02
2.6
0.8
1407
76
2.9
0.9
-
—
0.4
>0.0
7
8.1
6.1
1210
76
3.9
2.0
19.4
3.0
0.08
0.02
3.7
1.0
Watershed AGl3
290376 — — - - - - - -
2707
76
-
—
-
-
0.05
0.02
0.9
0.8
0411
76
2.8
1.4
5.0
0.8
0.08
0.02
1.6
1.0
0303
77
41.3
5.1
175
19
3.34
0.49
36.5
12.6
(a)
Valu
es
are
base
d o
n c
once
ntra
tion
s m
easu
red
in
unfi
lter
ed o
r f
ilte
red
wat
er
sam
ple
s p
lus
the
con
tri
but
ion
s o
f s
usp
end
ed
sed
ime
nts
or
res
idu
es.
(b)
Sele
cted
data
are
pres
ente
d,
aver
aged
over
all
subs
ampl
es
and
anal
ytic
al
met
hod
olo
gie
s.
Sta
nda
rd
err
ors
hav
e b
een
com
put
ed
usi
ng
pro
pag
ati
on
of
err
or
for
mul
as.
Ref
er
to
app
end
ix
for
add
iti
ona
l i
nfo
rma
tio
n.
.41-
   
T
a
b
1
e
9.
S
u
m
m
a
r
y
o
f
Cu
,
Zn
,
Cd
a
n
d
Pb
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
w
a
t
e
r
s
o
f
a
g
r
i
c
u
1
t
u
r
a
1
w
a
t
e
r
s
h
e
d
s
1,
3,
4,
5,
10
a
n
d
13
. c
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C
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r
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i
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n
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Me
di
an
i
s
t
a
n
d
a
r
d
e
r
r
o
r
Di
ss
o1
ve
d
tr
ac
e
e1
em
en
t,
ug
/L
Cu
0.
5
—
18
.5
21
2.
0
i
1.
8
Zn
0.
1
-
11
.4
17
3.
1
i
2.
7
Cd
0.
00
-
0.
57
13
0.
07
i
0.
06
Pb
0.
0
—
13
.1
11
0.
1
i
0.
2
Co
nt
ri
bu
ti
on
of
su
sp
en
de
d
se
di
me
nt
,
ug
/L
Cu
0.
3
-
43
7
16
4.
3
i
0.
6
Zn
1.
3
—
28
50
16
9.
1
i
2.
8
Cd
0.
00
—
11
.4
13
0.
09
i
0.
06
Pb
0
3
-
39
9
15
3.
1
i
1.
1
Tot
a1
con
cen
tra
tio
n
of
tra
ce
e1e
men
t,
u9/
L
Cu
2
2
-
44
5
17
3.
9
i
2.
6
Zn
4.3
- 2
500
15
17.
2
i 4
.9
Cd
0.
03
—
13
.4
17
0.
08
i
0.
02
Pb
0 9
~ 4
33
19
3.7
i 1
.0
Con
cen
tra
tio
n o
f t
rac
e e
1em
ent
in
sus
pen
ded
sed
ime
nt,
ug/
g
Cu 23 — 119 16 52 i 5
Zn 50 — 290 16 165 i 39
Cd 0.1 - 7.9 13 1.1 i 0.8
Pb 21 — 280 16 70 i 36
Concentration of trace e1ement in residue, ug/g
Cu 0.0 - 16.9 16 9.0 i 1.8
Zn 4 — 300 15 30 i 13
Cd 0.0 — 4.3 15 0.0 i 0.2
Pb 0 - 98 17 16 i 12
a Range of mean concentrations, one per samp1ing date, found in samp1es
from the six watersheds.
b Tota1 number of associated samp1ing dates.
c
Standard error is the error associated with the median va1ue or the 1arger
of the errors of the two va1ues averaged for the median; it does not re1ate
to the distribution of the popu1ation from which the median was extracted.
~42.—
 R
E
S
I
D
U
E
C
O
N
C
E
N
T
R
A
T
I
O
N
m
g
/
l
  
I
l
l
l
l
l
I
700 —
600 '-
500 —
O
SLOPE=1
400 '-
300 -
O
O
200 —
100 -
O
O
8 .0
1
I
I
I
I
I
I
I
0
10
0
20
0
30
0
40
0
50
0
60
0
70
0
SU
SP
EN
DE
D
SE
DI
ME
NT
CO
NC
EN
TR
AT
IO
N
mg/
l
Fig
ure
8 .
Rel
ati
ons
hip
bet
wee
n r
esi
due
(ac
id—
lea
che
d s
usp
end
ed
sed
ime
nt)
and
suspended sediment concentration .
—1+ 1+—
RE
S
I
D
U
E
/
S
U
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
R
A
T
I
O
 
mi
1.2-
1.0"
0.8-
    
/ /
' /
0.6? I
/
0.4—
0.2
o
l
I
I
l
I
l
I
o
10
0
20
0
30
0
40
0
50
0
--
60
0
70
0
S
U
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
C
O
N
C
E
N
T
R
A
T
I
O
N
mg
/I
Fi
gu
re
9
.
Re
si
du
e
co
nc
en
tr
at
io
n/
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
n
ra
ti
o
as
a
fu
nc
ti
on
of
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
n.
‘
Er
rO
r
ba
rs
he
re
an
d
in
al
l
su
bs
eq
ue
nt
fi
gu
re
s
re
pr
es
en
t
st
an
da
rd
er
ro
rs
,
5/
n.
-g 5-
    
3
0
0
_
‘I
I
i
‘
‘
'
‘
f
‘1
L
E
A
D
2
0
0
+
*
‘
1
0
0
%
+
*
19
00
0
a: o
1
‘
C
A
D
M
I
U
M
1
—
8
_
_
z
LU
E
B
6
-
‘
U)
D l
LU
_
o 4—
Z
‘
*
LU
O.
U)
a
24
+
1
‘
a
I
..
O
1..
0_
00
0
19
00
0
ZINC
‘5
30
0—
i
-
“‘ l
1
L5
“1
1'
i
E
20
0/
3"
H
.
L
-
2
E
;
T
1
++
E
i
i
Z
10
04
+
19
00
0-
LU
g 1
o T
o
[
T
Y
P
I
C
A
L
S
T
A
N
D
A
R
D
E
R
R
O
R
C
O
P
P
E
R
‘
. _
0
'
.
0—.
19000
0
l
l
l
l
I
l
1
O
10
0
20
0
30
0
40
0
50
0
60
0
70
0
SU
SP
EN
DE
D
SE
DI
ME
NT
C
O
N
C
E
N
T
R
A
T
I
O
N
mg
/I
Fig
ure
10.
Con
cen
tra
tio
n o
f t
rac
e e
lem
ent
in
sus
pen
ded
sed
ime
nt
as a function
of suspended sediment concentration.
-46..
       
Tlll Ill! 7111 IIIIIITI [Id] 11!]
“
19
00
0
i
.
t-s
ﬁ
g
60
0—
—
E2
89
a
)
:
4
0
0
—
_
8
5
5
o
.
c32
2 w
“40
3
:
5
2
0
0
-
-
a
s
.
O
.
o
.
.
0
O
0
Il
!’
0
.0
0.
00
°
41
!
0
TOTAL 430
i
40
—
~
I
_
a
E
5
p
2
0
-
_
<
E
E
+
U
1
0
"
¢
-—1
E
¢
:
¢
¢
¢
¢
+
+
¢
¢
‘
¢
o
H
+
M
m
0
—
_
E
8
2
0
_
+
D
I
S
S
O
L
V
E
D
_
1
0
—
—
M
W
+
+
+
+
m
+
+
+
+
+
+
+
+
+
_
l
l
l
l
[
I
l
l
1
1
1
1
l
l
l
l
l
l
l
l
I
I
I
!
1
1
1
A
6
1
A
6
3
A
G
4
A
G
E
A
6
1
0
A
G
1
3
W
A
T
E
R
S
H
E
D
A
N
D
S
A
M
P
L
I
N
G
T
I
M
E
F
i
g
ur
e
11
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
of
d
i
s
s
o
l
ve
d
an
d
to
ta
l
co
pp
er
an
d
s
us
p
e
n
d
e
d
s
e
d
i
m
e
n
t
in
w
a
t
e
r
sa
mp
le
s
fr
om
th
e
si
x
a
g
r
i
c
ul
t
ur
a
l
wa
te
rs
he
ds
.
E
a
c
h
p
o
i
n
t
r
e
p
r
e
s
e
n
t
s
on
e
s
a
m
p
l
in
g
d
a
t
e
wi
t
h
th
e
e
xc
e
p
t
i
o
n
th
at
th
e
la
st
tw
o
p
o
i
n
t
s
fo
r
A
G
S
r
e
p
r
e
s
e
n
t
tw
o
si
te
s
s
a
m
p
l
e
d
on
th
e
sa
me
da
te
25
/0
3/
77
.
Wh
er
e
to
ta
l
co
nc
en
tr
at
io
ns
we
re
un
av
ai
la
bl
e,
di
ss
ol
ve
d
+
ac
id
-
an
d
s
o
l
v
e
n
t
-
e
x
t
r
a
c
t
a
b
l
e
co
nc
en
tr
at
io
ns
,
d
e
n
o
t
e
d
0,
ha
ve
b
e
e
n
i
n
c
l
ud
e
d
as
es
ti
ma
te
s
of
to
ta
l
co
nc
en
tr
at
io
ns
.
_ 1+7...
  
S
U
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
Figure 12.
C
O
N
C
E
N
T
R
A
T
I
O
N
m
g
/
I
Z
I
N
C
C
O
N
C
E
N
T
R
A
T
I
O
N
1
.
1
9
/
1
 
TIII
  
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
C
19000 .
O
5
0
0
-
_
40
0
-
"
C
O
2
0
0
-
..
.
.
.
.
C
O
.
0
_
_
1
v
,
4
1
!
.
O
A
-
L
L
L
J
J
i
,
'
A
;
4
_
_
,
TO
TA
L
25
0,
0
17
,5
O
O
C
6
0
-
_
4O
-
+
d
2
W
a
?
“
‘
. + - + +
o
+
O
.
O
_
o
o
O
o
O
O
O
O
O
-
DISSOLVED
IO
-
+
_
+ + I + + " I +
0
—
+
+
I
I
+
I
-
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I L
I I
I I
I I
    
A61 AG3
AG4
A65
A610
WATERSHED AND SAMPLING TIME
Con
cen
tra
tio
ns
of
dis
sol
ved
and
tot
al
zin
c a
nd
sus
pen
ded
sed
ime
nt
in
water samples from the six agricultural watersheds.
res
ent
s o
ne
sam
pli
ng
dat
e w
ith
the
exc
ept
ion
tha
t t
he
las
t t
wo
poi
nts
for AGS represent two sites sampled on the same date 25/03/77.
tota
l co
ncen
trat
ions
were
unav
aila
ble,
diss
olve
d +
acid
- an
d so
lven
t-
extr
acta
ble
conc
entr
atio
ns,
deno
ted
0, h
ave
been
incl
uded
as e
stim
ates
of total concentrations.
AG13
Each point rep-
SU
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
Figure 13.
C
O
N
C
E
N
T
R
A
T
I
O
N
m
g
/
l
u
g
h
C
A
D
M
I
U
M
C
O
N
C
E
N
T
R
A
T
I
O
N
         
I I I I
I I I l
I I I I
I I I I I I T I
I I I I
I I I I
° 19000
3 o
600 — ..
400 - _
. O
200 e _
O
O . . . O
0
o
g o o
0
. o 0 ° . o
' .
.p 3
TOTAL
0.4
-
1.4:;
13_4
3.34—
o
o
I
0.2 -o _
O
+ ++ + + ++
+ + ++ °+ + + +
O r— .
DISSOLVED 0.57 0‘,“
0.15 - I +-
0 O
0.10 - ..
0.0
5 -
l
_
0 .. _
I I I I I I I I I I I I I I I I L I I I I I I I I I
AG1 AG3 AG4 AGS A610 A613
WATERSHED AND SAMPLING TIME
Concentrations of dissolved and total cadmium and suspended sediment
in water samples from the six agricultural watersheds.
Each point
represents one sampling date with the exception that the last two
poin
ts
for
AGS
repr
esen
t tw
o si
tes
samp
led
on t
he s
ame
date
25/0
3/77
.
Where total concentrations were unavailable, dissolved 4’ acid- and
solv
ent-
extr
acta
ble
conc
entr
atio
ns,
deno
ted
0, h
ave
been
incl
uded
as estimates of total concentrations.
-ug-
 
 S
U
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
C
O
N
C
E
N
T
R
A
T
I
O
N
m
g
/
l
L
E
A
D
C
O
N
C
E
N
T
R
A
T
I
O
N
u
g
/
l
Figure J. 1+.
 
T
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
0
19
00
0
I
O
6
0
0
-
_
40
0
—
‘
200
 
6
0
~
_
_
4o
-
-
3
0
-
_
2
0
—
_
¢ + ¢
Ow ¢¢
DSSOLVED _
’1
I
?
°
¢
¢
’
¢
‘
0
"
2.0 -
+++++
11+
[Ill
A613
 
  
 
   
1111
A61
1111
A64
llllIlII
A65
llll
AG‘IO
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 DATA ANALYSIS AND INTERPRETATION
DISCUSSION OF RESULTS AND DATA INTERPRETATION
Prior to dealing with analysis and interpretation of the
data obtained in this study, a brief discussion of data relia-
bility and comparability might be appropriate at this point.
As sound conclusions rely intimately on sound data, and inorganic
analyses at trace and ultratrace levels are subject to errors
from a multitude of sources, emphasis was placed on data quality
control. Of all aspects of quality control, the incorporation
of well characterized reference materials with accurately known
analyte levels is the simplest and ultimate techniqueby which
to gauge analytical method accuracy. Although reference solu—
tions of metals in aqueous acid solution (EPA) were available
and used for method testing, no reference natural water samples
were available. We therefore resorted to an alternate technique
for quality control involving independently different analytical
methodologies and analysts in several cooperating laboratories
of which three (Stoeppler, Berman and Russell) were very expe—
rienced in analytical chemistry and analysis of natural waters.
The premise was that concordance of analytical results for
subsamples of the same sample, from diverse methods suggests
confidence in the reliability of the data for that sample.
Whether the same confidence could be transferred to the actual
stream components is another question dependent on sampling
and sample handling prior to analysis; this aspect was at least
partially attacked by replicate sampling.
A
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are generally in fair agreement with those reported by OME.
That better agreement was not realized for such an easily
measurable parameter (cf, however, McGirr 1974), might stem
from imprecision of measurement but also from the dependence
of suspended sediment level on stream flow and thus time of
sampling. Comparison of our data with data from project 9A
are not strictly valid as values from the latter were used
to arrive at averages for the former.
Values for the contributions of suspended sediments to
concentrations of Cu, Zn, Cd and Pb in waters of four of the
watersheds (Table 6) agree within 93 ~80 to +200% (referred
to our values) with the corresponding data reported by Whitby
et al. This is considered to be good agreement considering
the independence of analysis and the severe limitations
imposed on us by having to analyze very small samples in the
ca l-30mg range. Comparability of dissolVed and total concen-
trations of trace elements between the two studies, however,
is not as encouraging. The two sets of data are discordant
With variations between corresponding results ranging from
Ea ~100 to +15000% referred to our values. Concentrations
of Cu, Zn and Pb in dissolved form reported by Whitby et al.
were particularly high. The very high values for total—and
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e
d
d
a
t
a
;
P
b
l
e
v
e
l
s
a
p
p
e
a
r
e
d
t
o
b
e
b
e
l
o
w
O
M
E
d
e
t
e
c
t
i
o
n
l
i
m
i
t
s
.
T
h
e
l
o
w
n
a
t
u
r
a
l
l
e
v
e
l
s
o
f
C
d
w
e
r
e
g
e
n
e
r
a
l
l
y
n
o
t
d
e
t
e
c
t
e
d
b
y
O
M
E
m
o
n
i
t
o
r
i
n
g
a
n
d
w
e
r
e
t
y
p
i
—
c
a
l
l
y
r
e
p
o
r
t
e
d
a
s
<
0
.
0
0
m
g
/
L
.
T
h
i
s
s
u
g
g
e
s
t
s
a
d
e
t
e
c
t
i
o
n
l
i
m
i
t
o
f
10
u
g
/
L
,
b
u
t
c
o
u
l
d
b
e
as
l
o
w
as
l
u
g
/
L
a
c
c
o
r
d
i
n
g
t
o
t
h
e
m
e
t
h
o
d
o
f
a
n
a
l
y
s
i
s
f
o
l
l
o
w
e
d
b
y
O
M
E
(
N
A
Q
U
A
D
A
T
c
o
d
e
4
8
0
0
6
,
F
i
s
h
e
r
i
e
s
a
n
d
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
(1978)).
T
h
e
f
o
r
e
g
o
i
n
g
d
i
s
c
u
s
s
i
o
n
r
e
f
e
r
r
e
d
to
c
o
m
p
a
r
i
s
o
n
o
f
d
a
t
a
for
identical
watersheds,
sampling
dates,
sampling
sites
and
even
samples.
A
final
comparison
was
made
of
ranges
and
medians
of
this
data
with
this
type
of
information
reported
by
other
investigators
for
the
PLUARG
watersheds
and
other
’"unpolluted"
surface
natural
waters.
Comparative
summaries
for
total
and
dissolved
concentrations
of
the
four
trace
elements
are
presented
in
Table
11
and
12
respectively,
with
detailed
information
contained
in
Appendix
II.
For
total
concentrations,
information
was
available
for
the
PLUARG
watersheds
(Gaynor
l977,
OME)
and
for
a
wide
variety
of
other
waters
throughout
the
world.
Median
values
for
Cu
and
Zn
found
in
this
study
agree
well
with
medians
for
these
agri—
cultural
watersheds
reported
by
Gaynor
and
OME,
although
the
Zn
result
seems
to
be
higher.
For
Cd,
and
Pb,
it
appears
that
the
analytical
methodologies
used
by
Gaynor
and
OME
were
insufficiently
detective
to
measure
the
low
natural
levels
of
these
elements
and
no
comparisons
can
be
made.
With
regard
to
literature
data
for
other
waters,
the
median
total
Cu
level
determined
in
this
study
is
in
excellent
agreement
with
the
typical
median
reported
in
the
literature,
median
values
for
Zn
and
Pb
are
higher
than
the
corresponding
literature
data,
and
Cd
cannot
be
compared
because
of
the
generally
poor
detec-
tivity
of
literature
methods.
For
concentrations
of
dissolved
trace elements only data for water from other than PLUARG
sites
are
available
for
comparison.
Our
medians
for
Cu,
Zn,
Cd and
Pb
are
in
excellent
agreement
with
the
corresponding
means
reported by Chan,
1977,
and the Cu value also agrees
excellently with the 2.24 ug/L obtained from the work of
Silker,
1964.
Other literature median data for the four
e
l
e
m
e
n
t
s
a
r
e
h
i
g
h
e
r
.
   
 T
h
e
r
a
n
g
e
s
o
f
d
i
s
s
o
l
v
e
d
a
n
d
t
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
n
d
m
e
d
i
a
n
s
/
m
e
a
n
s
f
o
r
t
h
e
s
e
f
o
u
r
t
r
a
c
e
e
l
e
m
e
n
t
s
r
e
p
o
r
t
e
d
i
n
t
h
e
l
i
t
e
r
a
t
u
r
e
a
r
e
l
a
r
g
e
.
T
h
e
i
r
r
a
n
g
e
s
c
o
u
l
d
r
e
f
l
e
c
t
r
e
a
l
s
i
t
u
a
t
i
o
n
s
f
o
r
t
h
e
w
a
t
e
r
s
i
n
v
e
s
t
i
g
a
t
e
d
,
e
s
p
e
c
i
a
l
l
y
i
n
r
e
s
p
e
c
t
o
f
t
o
t
a
l
l
e
v
e
l
s
w
h
i
c
h
d
e
p
e
n
d
o
n
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
c
e
n
t
r
a
—
t
i
o
n
s
,
b
u
t
c
o
u
l
d
d
e
p
e
n
d
o
n
p
o
l
l
u
t
i
o
n
b
y
m
a
n
'
s
a
c
t
i
v
i
t
i
e
s
a
s
a
l
l
w
a
t
e
r
s
m
a
y
n
o
t
b
e
t
r
u
l
y
u
n
p
o
l
l
u
t
e
d
,
a
n
d
c
o
u
l
d
a
l
s
o
r
e
f
l
e
c
t
i
n
s
u
f
f
i
c
i
e
n
c
i
e
s
i
n
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
o
l
o
g
i
e
s
a
n
d
c
o
n
t
a
m
i
n
a
t
i
o
n
d
u
r
i
n
g
s
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
s
i
s
.
T
h
e
l
i
t
e
r
a
t
u
r
e
d
a
t
a
l
i
s
t
e
d
i
n
T
a
b
l
e
s
1
1
a
n
d
1
2
w
a
s
r
e
p
o
r
t
e
d
b
e
t
w
e
e
n
1
9
5
6
—
1
9
7
7
;
i
t
i
s
c
o
n
c
e
i
v
a
b
l
e
t
h
a
t
m
e
t
h
o
d
o
l
o
g
y
a
n
d
c
o
n
t
a
m
i
n
a
t
i
o
n
c
o
n
s
i
d
e
r
a
t
i
o
n
s
a
r
e
r
e
l
e
v
a
n
t
,
p
a
r
t
i
c
u
l
a
r
l
y
t
o
t
h
e
e
a
r
l
i
e
r
i
n
f
o
r
m
a
t
i
o
n
.
C
o
m
m
e
n
t
s
b
y
P
a
t
t
e
r
s
o
n
a
n
d
S
e
t
t
l
e
(
1
9
7
6
)
i
n
r
e
s
p
e
C
t
o
f
t
h
e
r
e
l
i
a
b
i
l
i
t
y
o
f
P
b
d
e
t
e
r
m
i
n
a
t
i
o
n
s
i
n
n
a
t
u
r
a
l
s
y
s
t
e
m
s
a
r
e
p
a
r
t
i
c
u
l
a
r
l
y
r
e
l
e
v
a
n
t
h
e
r
e
.
T
h
e
s
e
a
u
t
h
o
r
s
h
a
v
e
s
t
a
t
e
d
t
h
a
t
"
I
n
m
o
s
t
p
r
e
s
e
n
t
a
n
a
l
y
t
i
c
a
l
p
r
a
c
t
i
c
e
s
,
l
e
a
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
p
l
a
n
t
s
,
a
n
i
m
a
l
s
,
a
n
d
f
o
o
d
s
t
u
f
f
s
c
a
n
n
o
t
b
e
d
e
t
e
r
m
i
n
e
d
r
e
l
i
a
b
l
y
a
t
t
h
e
l
u
g
/
g
l
e
v
e
l
o
r
i
n
w
a
t
e
r
s
a
t
t
h
e
l
n
g
/
g
l
e
v
e
l
.
.
.
T
h
e
u
n
r
e
a
l
i
a
b
i
l
i
t
y
o
f
a
n
a
l
y
s
e
s
f
o
r
l
e
a
d
i
s
c
a
u
s
e
d
b
y
a
u
n
i
v
e
r
s
a
l
l
a
c
k
o
f
f
a
m
i
l
i
a
r
i
t
y
w
i
t
h
t
h
e
e
x
t
e
n
t
,
s
o
u
r
c
e
s
a
n
d
c
o
n
t
r
o
l
o
f
i
n
d
u
s
t
r
i
a
l
l
e
a
d
c
o
n
t
a
m
i
n
a
t
i
o
n
d
u
r
i
n
g
s
a
m
p
l
e
c
o
l
l
e
c
t
i
n
g
,
h
a
n
d
l
i
n
g
a
n
d
a
n
a
l
y
s
i
s
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
t
h
e
g
r
e
a
t
m
a
s
s
o
f
p
u
b
l
i
s
h
e
d
l
e
a
d
d
a
t
a
i
n
p
l
a
n
t
s
a
n
d
a
n
i
m
a
l
t
i
s
s
u
e
s
a
n
d
i
n
w
a
t
e
r
s
i
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
g
r
o
s
s
p
o
s
i
t
i
v
e
e
r
r
o
r
s
a
n
d
t
h
e
e
r
r
o
r
n
o
i
s
e
i
n
l
e
a
d
c
o
n
c
e
n
t
r
a
t
i
o
n
d
a
t
a
b
e
l
o
w
a
f
e
w
u
g
/
g
o
b
s
c
u
r
e
s
t
h
e
m
e
a
n
i
n
g
o
f
m
o
s
t
w
o
r
k
d
e
a
l
i
n
g
w
i
t
h
l
e
a
d
a
t
t
h
e
s
e
c
o
n
c
e
n
t
r
a
t
i
o
n
l
e
v
e
l
s
"
.
H
i
r
a
o
a
n
d
P
a
t
t
e
r
s
o
n
(1
97
4)
f
o
u
n
d
a
n
a
v
e
r
a
g
e
0
.
0
1
5
u
n
g
/
L
i
n
s
t
r
e
a
m
r
u
n
o
f
f
f
r
o
m
T
h
o
m
p
s
o
n
C
a
n
y
o
n
,
C
a
l
i
f
o
r
n
i
a
,
w
h
i
c
h
w
a
s
1
/
3
0
o
f
t
h
e
m
e
d
i
a
n
P
b
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
0
.
5
u
g
/
L
m
e
a
s
u
r
e
d
b
y
B
r
a
d
f
o
r
d
e
t
a
1
(
1
9
6
8
)
in
17
0
H
i
g
h
S
i
e
r
r
a
L
a
k
e
s
.
T
h
e
u
s
e
of
a
l
e
a
d
e
d
f
u
e
l
E
d
h
e
l
i
-
co
pt
er
by
th
e
la
tt
er
in
ve
st
ig
at
or
s
wa
s
de
em
ed
r
e
s
p
o
n
s
i
b
l
e
fo
r
th
ei
r
el
ev
at
ed
le
ve
ls
.
Th
es
e
o
b
s
e
r
va
t
i
o
n
s
su
gg
es
t
th
at
in
fo
rm
at
io
n
fo
r
Pb
ga
th
er
ed
fr
om
th
is
st
ud
y
an
d
re
po
rt
ed
in
th
e
li
te
ra
tu
re
be
tr
ea
te
d
wi
t
h
re
se
rv
at
io
n.
On
th
e
ba
si
s
of
th
e
fo
re
go
in
g
co
mp
ar
is
on
s,
d
i
s
c
us
s
i
o
n
s
an
d
o
b
s
e
r
va
t
i
o
n
s
,
we
co
nc
lu
de
th
at
,
wi
t
h
pe
rh
ap
s
th
e
e
xc
e
p
t
i
o
n
of
Pb
,
an
d
w
i
t
h
i
n
th
e
st
at
ed
co
nf
id
en
ce
li
mi
ts
,
th
e
co
nc
en
tr
at
io
ns
of
Cu
,
Zn
,
an
d
Cd
re
po
rt
ed
he
re
ar
e
re
as
on
ab
ly
re
li
ab
le
es
ti
ma
te
s
of
th
e
le
ve
ls
of
th
es
e
el
em
en
ts
in
st
re
am
s
dr
ai
ni
ng
th
e
si
x
agricultural watersheds.
Th
e
be
ha
vi
ou
r
of
th
e
su
sp
en
de
d
se
di
me
nt
fr
ac
ti
on
of
th
e
wa
te
r
sa
mp
le
s
wi
th
re
ga
rd
to
ac
id
so
lu
bi
li
ty
de
mo
ns
tr
at
ed
in
Fi
gs
.
8
an
d
9,
su
gg
es
ts
in
cr
ea
se
d
ac
id
so
lu
bi
li
ty
at
lo
we
r
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
,
an
d
su
gg
es
ts
a
va
ri
at
io
n
of
ph
ys
ic
al
an
d/
or
ch
em
ic
al
pr
op
er
ti
es
wi
th
se
di
me
nt
le
ve
l.
Su
sp
en
de
d
se
di
me
nt
s
fr
om
lo
w
le
ve
l
st
re
am
s
we
re
su
bs
ta
nt
ia
ll
y
mo
re
so
lu
bl
e
du
ri
ng
th
e
ac
id
ev
ap
or
at
io
n
st
ep
an
d
co
ul
d
co
n-
ce
iv
ab
ly
co
ns
is
t
of
sm
al
le
r
an
d/
or
mo
re
so
lu
bl
e
pa
rt
ic
ul
at
es
.
Th
e
so
lu
bi
li
ty
be
ha
vi
ou
r
is
pa
ra
ll
el
ed
by
tr
ac
e
el
em
en
t
ex
tr
ac
ta
bi
li
ty
de
pi
ct
ed
in
Fi
gs
.
20
an
d
21
,
th
e
la
tt
er
de
mo
n-
st
ra
ti
ng
,
fo
r
Cu
an
d
Zn
,
in
cr
ea
si
ng
so
lu
bi
li
ty
wi
th
de
cr
ea
si
ng
-62..
,
‘
 suspended
sediment
concentration.
No
trend
is
evident
for
Pb,
and
data
for
Cd
were
too
inaccurate
to
consider
in
this
context.
In
these
and
all
other
figures
dealing
with
sus-
pended
sediment
concentration
relations,
curves
have
been
drawn
without
consideration
of
the
point
for
19000
mg
sus—
pended
sediment/L.
Fig.
21
again
demonstrates
a
gradual
change
in
the
physical
and/or
chemical
character
of
the
par-
ticulate
material
with
its
concentration
in
the
stream.
For
bottom
sediments
from
the
Saguenay
fjord,
Loring
(1976)
observed
a
clear
increase
in
non-detrital
(acetic
acid-
soluble)
contribution
to
total
Zn
content
going
from
sands
to
muds
(decreasing
particle
size);
similar
but
less
con—
clusive
trends
were
evident
for
Cu
and
Pb.
If
we
assume
low
suspended
sediment
concentrations
to
be
synonymous
with
smaller
particle
size,
then
the
trace
element-extractability
phenomenon
observed
in
this
study
is
akin
to
that
reported
by Loring.
Plots
of
trace
element
concentrations
in
suspended
sediments
as
a
function
of
suspended
sediment
concentration
in
Fig.
10,
show
interesting
enrichment
relationships,
The
case
is
clear
for
Cu
exhibiting
increasing
concentration
levels
with
decreasing
sediment
levels;
similar
trends
seem
to
occur
for
Cd
and
Pb
although
not
for
Zn,
but
the
greater
uncertainties
in
and
scatter
of
data
make
these
relations
less
clearly
evident.
The
very
high
19000
mg
suspended
sediment/L
point
from
the
field
erosion
event
sample
falls
in
line
with
behaviour
for
points
over
the
range
ca
0-740
mg/L.
Several
investigators
(Perhac
and
Whelan,
1972,
Oliver,
1973,
Loring,
1976)
studying
suspended
and
bottom
sediments
observed
a
correlation
of
increasing
trace
element
concentra-
tion
with
decreasing
particle
size.
Turekian
and
Scott,
(1967),
however,
reported no significant differences in
trace element contents of different size fractions of bottom
sediment from one river, and Angino (1974) reported the compos-
ition of stream water and sediment to be discharge independent.
Our observations, in conjunction with some of the literature
reports, suggest decreasing particle size with decreasing sus-
pended sediment concentration.
Garrett and Hornbrook (1976) found a strong relationship
between Zn and organic content in lake bottom sediments, with
the concentration of the element increasing with increasing
organic content, estimated from loss on ignition, over the
range 0—12% loss on ignition. With this information we may
speculate increasing organic content of suspended sediments
occurring at decreasing sediment levels in stream waters.
It
is interesting to observe the similarity of the three sus—
pended sediment parameters, acid-solubility, trace element
-63-
  
53;}
1:
s;
a
a: .
   
w
:
»
.
"
:
L
z
€
i
£
:
;
:
~
;
a
-
+
§
:
E
'
"
7
"
"
'
“
"
“
i
m
y
'
f
 ex
tr
ac
ta
bi
li
ty
an
d
tr
ac
e
el
em
en
t
co
nc
en
tr
at
io
n
de
pi
ct
ed
in
Fi
gs
.
9,
21
an
d
10
re
sp
ec
ti
ve
ly
.
In
al
l
th
re
e
ca
se
s
tr
an
si
—
ti
on
s
be
tw
ee
n
be
ha
vi
ou
r
at
lo
w
an
d
hi
gh
su
sp
en
de
d
se
di
me
nt
le
ve
ls
oc
cu
r
in
th
e
re
gi
on
80
-3
30
mg
/L
.
Th
e
tr
an
si
ti
on
po
in
ts
ca
nn
ot
be
pi
np
oi
nt
ed
mo
re
ac
cu
ra
te
ly
du
e
to
th
e
ab
se
nc
e
of
in
fo
rm
at
io
n
in
th
at
re
gi
on
.
It
sh
ou
ld
be
ve
ry
in
te
re
st
in
g
in
de
ed
to
re
la
te
th
e
re
la
ti
on
sh
ip
s
ob
se
rv
ed
in
th
is
st
ud
y
to
par
tic
le
siz
e,
org
ani
c
con
ten
t
and
mi
ne
ra
lo
gy
of
the
se
or
sim
ila
r
sus
pe
nd
ed
sed
ime
nts
fro
m
the
se
ag
ri
cul
tur
al
wa
te
r—
she
ds
an
ti
ci
pa
te
d
fro
m
co
nc
urr
en
t
stu
die
s
by
Wa
ll
(19
78)
and
Whi
tby
et
al.
(19
78)
.
Sev
era
l s
amp
les
wer
e e
ven
t s
amp
les
co
ll
ec
tE
d a
ft
er
rai
nfa
ll
and
dur
ing
spr
ing
run
off
;
sus
pe
nd
ed
sed
ime
nt
lev
els
wer
e a
t b
oth
ext
rem
es.
Wit
h t
he
lim
ite
d
dat
a,
it
is
imp
oss
ibl
e t
o a
sse
ss
whe
the
r t
he
cha
rac
ter
of
sus
pen
ded
sed
ime
nt
in
eve
nt
sam
ple
s (
pos
sib
ly
not
yet
in
equ
ili
bri
um
wit
h t
he
wat
er)
dif
fer
ed
fro
m t
hat
of
sed
ime
nt
in normal—flow water samples.
Due to scarcity of data, concentrations of dissolved
and total trace elements and suspended sediments presented
in Figs. 11 to 14 cannot be related to watershed and sampling
time. Much more representative information for each water—
shed gathered from a more detailed sampling program covering
normal and event flows is needed to characterize the dif-
ferent streams. Relations between trace element concentra—
tions and suspended sediment levels evident in these Figs.
are brought out more clearly in Figs. 15-18 where total,
dissolved and suspended sediment—contributed trace metal
concentrations are plotted as functions of suspended sediment
concentration over all the watersheds. Whereas total and
suspended sediment—contributed trace element levels are
dependent, as might be expected, on suspended sediment con—
centration, dissolved levels of Cu, Zn, Cd and Pb are
strikingly invariable with suspended sediment concentration
over the range Ea 10-740 mg sediment/L and even up to
19000 mg/L. Similar observations of the_independence of
dissolved trace element levels on concentration and com—
position of suspended solids have been reported by Turekian
and Scott (1967), Kharkar 23 El. (1968), Turekian (1971) and
Angino (1974), and determined by the author from data reported
by Silker (1964). In both this work and literature reports,
dissolved trace element levels exhibit scatter about median
values. It would be of interest to seek out the parameter
correlated with this and ascertain whether unattainment of
equilibrium (Turekian, 1971), among the dissolved and
particulate fractions of stream waters is a factor responsible
for extreme values.
Some conclusions in respect of storage and mechanism of
-64—
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 tra
nsp
ort
of
Cu
and
Zn
can
be
dra
wn
fro
m i
nfo
rma
tio
n p
re-
sen
ted
in
Fig
s.
15—
18
and
par
tic
ula
rly
in
Fig
. 1
9.
It
app
ear
s t
hat
the
dom
ina
nt
mec
han
ism
of
sto
rag
e a
nd
tra
nsp
ort
dep
end
s o
n t
he
sus
pen
ded
sed
ime
nt
lev
el
in
the
str
eam
.
In
wat
ers
wit
h l
ow
sus
pen
ded
sed
ime
nt
lev
els
, b
elo
w c
a 2
0 m
g/L
,
the
maj
ori
ty
of
the
Cu
and
Zn
is
tra
nsp
ort
ed
in
dis
sol
ved
for
m,
whe
rea
s t
he
sus
pen
ded
sed
ime
nt
acc
oun
ts
for
mos
t o
f
the
tra
nsp
ort
of
the
se
tra
ce
ele
men
ts
at
hig
her
par
tic
ula
te
lev
els
.
Ful
ly
one
hal
f
of
the
wat
er
sam
ple
s
col
lec
ted
had
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
be
lo
w
ca
20
mg
/L
.
Th
us
bo
th
di
ss
ol
ve
d
an
d
su
sp
en
de
d
tr
an
sp
or
t
me
ch
an
is
ms
ar
e
of
im
po
rt
an
ce
in
th
es
e
wa
te
rs
he
d
st
re
am
s,
an
d
in
ge
ne
ra
l,
su
s—
pe
nd
ed
se
di
me
nt
le
ve
ls
sh
ou
ld
be
qu
ot
ed
wh
en
di
sc
us
si
ng
tr
an
sp
or
t
me
ch
an
is
ms
.
Se
di
me
nt
tr
an
sp
or
t
du
ri
ng
ra
in
st
or
ms
an
d
sp
ri
ng
ru
no
ff
,
ho
we
ve
r,
se
em
s
li
ke
th
e
mo
st
im
po
rt
an
t
me
ch
an
is
m
fo
r
re
mo
vi
ng
la
rg
e
am
ou
nt
s
of
el
em
en
ts
fr
om
th
es
e
wa
te
rs
he
ds
ov
er
th
e
co
ur
se
of
a
ye
ar
.
On
ly
sc
an
t
re
fe
re
nc
e
to
de
ta
il
s
co
nc
er
ni
ng
tr
an
sp
or
t
me
ch
an
is
ms
of
Cu
,
Zn
,
Cd
an
d
Pb
ha
ve
be
en
fo
un
d
in
th
e
li
te
ra
tu
re
al
th
ou
gh
th
e
be
ha
vi
ou
r
of
ot
he
r
tr
ac
e
el
em
en
ts
ha
s
be
en
re
po
rt
ed
.
Re
la
ti
on
s
of
tr
an
sp
or
t
me
ch
an
is
ms
to
se
di
me
nt
lo
ad
s
ha
ve
no
t
ge
ne
ra
ll
y
be
en
me
nt
io
ne
d.
Ko
pp
an
d
Kr
on
er
(1
96
8)
re
po
rt
ed
on
a
co
m—
pa
ri
so
n
of
di
ss
ol
ve
d
an
d
su
sp
en
de
d
Cu
,
Zn
an
d
Pb
ba
se
d
on
an
al
yt
ic
al
da
ta
fr
om
a
wa
te
r
qu
al
it
y
su
rv
ei
ll
an
ce
pr
og
ra
m.
Ov
er
a
nu
mb
er
of
di
ff
er
en
t
lo
ca
ti
on
s
me
an
le
ve
ls
of
di
ss
ol
ve
d
Cu
an
d
Zn
we
re
hi
gh
er
th
an
th
e
co
rr
es
po
nd
in
g
su
sp
en
de
d
le
ve
ls
;
da
ta
fo
r
Pb
wa
s
sa
id
to
be
in
er
ro
r
du
e
to
sa
mp
li
ng
pr
ob
le
ms
.
It
is
di
ff
ic
ul
t
to
re
ad
mo
re
in
fo
rm
at
io
n
in
to
th
ei
r
fi
nd
in
gs
as
co
mp
ar
is
on
s
fo
r
th
e
in
di
vi
du
al
wa
te
rs
we
re
no
t
ma
de
,
an
d
no
se
di
me
nt
le
ve
ls
we
re
re
po
rt
ed
.
Gi
bb
s
(1
97
3)
i
n
ve
s
t
i
g
a
t
e
d
th
e
di
st
ri
bu
ti
on
of
Cu
an
d
se
ve
ra
l
ot
he
r
tr
ac
e
el
em
en
ts
am
on
g
fi
ve
me
ch
an
is
ms
of
tr
an
sp
or
t
an
d
ob
se
rv
ed
a
s
i
m
i
l
a
r
d
i
s
t
r
i
b
u
t
i
o
n
fo
r
th
e
w
i
d
e
l
y
s
e
p
a
r
a
t
e
d
A
m
a
z
o
n
a
n
d
Y
u
k
o
n
r
i
v
e
r
s
.
T
h
e
m
a
j
o
r
i
t
y
of
th
e
Cu
(9
3.
1—
96
.7
%)
wa
s
t
r
a
n
s
-
p
o
r
t
e
d
w
i
t
h
t
h
e
p
a
r
t
i
c
u
l
a
t
e
lo
ad
,
an
d
i
n
c
o
r
p
o
r
a
t
i
o
n
i
n
t
o
th
e
c
r
y
s
t
a
l
s
t
r
u
c
t
u
r
e
s
o
f
t
h
e
s
e
d
i
m
e
n
t
s
w
a
s
t
h
e
m
o
s
t
i
m
p
o
r
t
a
n
t
m
e
c
h
a
n
i
s
m
.
L
e
a
d
w
a
s
f
o
u
n
d
b
y
A
n
g
i
n
o
(1
97
4)
t
o
b
e
a
p
p
r
o
x
i
-
m
a
t
e
l
y
e
q
u
a
l
l
y
d
i
v
i
d
e
d
b
e
t
w
e
e
n
d
i
s
s
o
l
v
e
d
a
n
d
s
u
s
p
e
n
d
e
d
p
h
a
s
e
s
i
n
w
a
t
e
r
s
f
r
o
m
K
a
n
s
a
s
r
i
v
e
r
s
i
n
c
o
n
t
r
a
s
t
t
o
t
h
e
o
c
c
u
r
r
e
n
c
e
o
f
t
h
e
b
u
l
k
o
f
t
h
e
l
o
a
d
o
f
F
e
a
n
d
M
n
i
n
t
h
e
s
u
s
—
p
e
n
d
e
d
p
h
a
s
e
.
I
n
a
n
i
n
t
e
r
e
s
t
i
n
g
s
t
u
d
y
o
f
s
t
r
e
a
m
s
u
p
p
l
y
o
f
d
i
s
s
o
l
v
e
d
t
r
a
c
e
e
l
e
m
e
n
t
s
t
o
t
h
e
o
c
e
a
n
s
,
K
h
a
r
k
a
r
3
3
E
l
.
(
1
9
6
8
)
d
i
s
c
u
s
s
e
d
r
e
l
a
t
i
o
n
s
b
e
t
w
e
e
n
d
i
s
s
o
l
v
e
d
a
n
d
d
e
s
o
r
b
a
b
l
e
(
f
r
o
m
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
)
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
o
r
s
e
v
e
r
a
l
e
l
e
m
e
n
t
s
b
u
t
n
o
t
f
o
r
t
h
o
s
e
o
f
i
n
t
e
r
e
s
t
h
e
r
e
.
T
u
r
e
k
i
a
n
(
1
9
7
1
)
c
o
n
c
l
u
d
e
d
t
h
a
t
m
o
r
e
c
a
t
i
o
n
i
c
b
u
t
n
o
t
a
n
i
o
n
i
c
s
p
e
c
i
e
s
o
f
t
r
a
c
e
m
e
t
a
l
s
a
r
e
a
b
s
o
r
b
e
d
e
f
f
e
c
t
i
v
e
l
y
o
n
p
a
r
t
i
c
l
e
s
c
a
r
r
i
e
d
b
y
s
t
r
e
a
m
s
a
n
d
h
a
v
e
v
e
r
y
l
i
t
t
l
e
c
h
a
n
c
e
o
f
l
e
a
v
i
n
g
a
n
e
s
t
u
a
r
y
i
n
s
o
l
u
t
i
o
n
.
A
n
a
l
y
s
e
s
b
y
D
a
v
i
d
a
n
d
S
o
p
e
r
,
(1
97
5)
o
f
o
c
e
a
n
w
a
t
e
r
,
f
o
r
-65-
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 d
i
s
s
o
l
v
e
d
a
n
d
p
a
r
t
i
c
u
l
a
t
e
f
o
r
m
s
o
f
C
u
,
Z
n
,
C
d
a
n
d
P
b
,
i
n
d
i
—
c
a
t
e
d
6
6
,
8
5
,
1
0
0
a
n
d
4
4
%
r
e
s
p
e
c
t
i
v
e
l
y
,
t
o
b
e
i
n
d
i
s
s
o
l
v
e
d
f
o
r
m
.
I
n
n
o
n
e
o
f
t
h
e
s
e
s
t
u
d
i
e
s
,
h
o
w
e
v
e
r
,
w
a
s
a
n
a
t
t
e
m
p
t
m
a
d
e
t
o
r
e
l
a
t
e
d
i
s
t
r
i
b
u
t
i
o
n
s
o
f
t
r
a
c
e
e
l
e
m
e
n
t
s
b
e
t
w
e
e
n
d
i
s
s
o
l
v
e
d
a
n
d
p
a
r
t
i
c
u
l
a
t
e
f
o
r
m
s
t
o
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
—
centrations.
I
n
h
i
s
s
t
u
d
y
o
n
P
L
U
A
R
G
w
a
t
e
r
s
h
e
d
A
G
1
3
,
G
a
y
n
o
r
(
1
9
7
7
)
c
o
n
c
l
u
d
e
d
t
h
a
t
C
u
w
a
s
t
r
a
n
s
p
o
r
t
e
d
o
n
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
b
u
t
t
h
a
t
Z
n
w
a
s
t
r
a
n
s
p
o
r
t
e
d
a
s
s
o
l
u
b
l
e
s
p
e
c
i
e
s
.
T
h
e
s
e
c
o
n
-
c
l
u
s
i
o
n
s
w
e
r
e
b
a
s
e
d
o
n
c
o
r
r
e
l
a
t
i
o
n
s
b
e
t
w
e
e
n
(
d
i
s
s
o
l
v
e
d
p
l
u
s
e
x
t
r
a
c
t
a
b
l
e
)
m
e
t
a
l
l
e
v
e
l
s
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
e
v
e
l
s
.
C
l
o
s
e
c
o
r
r
e
l
a
t
i
o
n
s
b
e
t
w
e
e
n
t
o
t
a
l
m
e
t
a
l
l
e
v
e
l
s
i
n
s
t
r
e
a
m
w
a
t
e
r
s
f
r
o
m
t
h
e
s
i
x
w
a
t
e
r
s
h
e
d
s
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
e
v
e
l
s
t
h
e
r
e
i
n
w
e
r
e
f
o
u
n
d
i
n
t
h
i
s
w
o
r
k
(
c
f
F
i
g
s
.
1
5
-
1
8
)
f
o
r
a
l
l
f
o
u
r
m
e
t
a
l
s
,
i
n
c
l
u
d
i
n
g
Zn
,
i
n
c
o
n
t
r
a
s
t
t
o
G
a
y
n
o
r
'
s
o
b
s
e
r
-
v
a
t
i
o
n
f
o
r
Zn
.
S
u
c
h
c
o
r
r
e
l
a
t
i
o
n
s
i
n
d
i
c
a
t
e
t
h
e
g
e
n
e
r
a
l
a
s
s
o
c
i
a
t
i
o
n
b
e
t
w
e
e
n
t
r
a
n
s
p
o
r
t
a
n
d
s
e
d
i
m
e
n
t
lo
ad
,
b
u
t
t
h
e
s
i
t
u
a
t
i
o
n
c
a
n
b
e
m
o
r
e
c
l
e
a
r
l
y
a
s
s
e
s
s
e
d
by
o
b
s
e
r
v
i
n
g
r
e
l
a
t
i
o
n
s
of
%
of
to
ta
l
m
e
t
a
l
fo
un
d
in
th
e
s
us
p
e
n
d
e
d
or
d
i
s
s
o
l
ve
d
p
h
a
s
e
to
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
as
d
e
p
i
c
t
e
d
,
f
o
r
ex
am
pl
e,
in
Fi
g.
19
.
Wh
it
by
2:
a1
.
(1
97
8)
re
po
rt
ed
th
at
Cu
an
d
Pb
,
al
th
ou
gh
pr
es
en
t
in
th
e
pa
rt
ic
ul
at
e,
we
re
fo
un
d
pr
im
ar
il
y
in
th
e
di
ss
ol
ve
d
fr
ac
ti
on
,
wh
er
ea
s
Zn
ap
pe
ar
ed
mo
re
pa
rt
ic
ul
at
e.
Th
es
e
co
nc
lu
si
on
s,
pa
rt
ic
ul
ar
ly
fo
r
Cu
,
mu
st
be
ac
ce
pt
ed
wi
th
re
se
rv
at
io
n
on
ac
co
un
t
of
th
e
ab
er
ra
nt
co
nc
en
tr
at
io
n
da
ta
fo
r
di
ss
ol
ve
d
an
d
to
ta
l
Cu
re
po
rt
ed
by
th
es
e
au
th
or
s.
Co
nc
lu
si
on
s
re
ga
rd
in
g
Pb
,
ar
is
in
g
fr
om
in
ve
st
ig
at
io
ns
no
t
ap
pl
yi
ng
th
e
es
se
nt
ia
l
te
ch
ni
qu
es
an
d
ca
re
fu
l
ex
ec
ut
io
n
fo
ll
ow
ed
by
ex
pe
ri
en
ce
d
la
bo
ra
to
ri
es
,
mu
st
be
tr
ea
te
d
wi
th
ca
ut
io
n
(P
at
te
rs
on
an
d
Se
tt
le
,
19
76
);
th
is
co
mm
en
t
ap
pl
ie
s
to
th
e
wo
rk
re
po
rt
ed
he
re
an
d,
li
ke
ly
elsewhere.
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CONCLUSIONS
Data collected OVer a one year period from a study of
the six agricultural watersheds l,3,4,5,lO and 13 lead to
the following conclusions:
(1) Ranges of concentrations (pg/L) of Cu, Zn, Cd and
Pb in dissolved form in stream waters from the six watersheds
were found to be 0.5—18.5, 0.l—ll.4,0.00—O.57 and 0.0—13.l
respectively, with median concentrations i standard errors of
2.0il.8, 3.li2.7, 0.07i0.06 and O.l:0.2 respectively. With
the exceptions of several high values, concentrations of these
dissolved trace elements were invariable over watersheds, and
suspended sediment levels.
(2) Suspended sediments with a concentration range 2—
19,000 mg/L and a median of ca 20 mg/L, contributed (ug/L)
0.3-437 of Cu, 1.3-2850 of Zn, 0.00—ll.4 of Cd and 0.3—399
of Pb with corresponding medians : standard errors of 4.3:0.5,
9.li2.6, 0.09:0.06 and 3.l:l.l ug/L. Ranges of total concen—
trations and (medians i standard errors) were Cu: 2.2—445
(3.9i2.6); Zn, 4.3—2500 (17.2i4.9); Cd, 0.03—l3.4 (0.08i0.02);
Pb, 0.9—433 (3.7il.0) ug/L. Total and suspended sediment—
contributed levels were related to the sediment levels in the
streams.
(3)
The
con
cor
dan
ce
of
res
ult
s f
or
dis
sol
ved
and
tot
al
con
cen
tra
tio
ns
of
the
se
ele
men
ts
wit
h l
ite
rat
ure
dat
a f
or
oth
er
nat
ura
l w
ate
rs
sug
ges
ts
no
gro
ss
eff
ect
s o
f a
gri
cul
tur
al
pra
cti
ces
on
tra
ce
ele
men
t l
eve
ls
in
str
eam
s.
An
exa
ct
sta
te—
men
t m
ust
awa
it
mor
e e
xac
t i
nfo
rma
tio
n o
n l
eve
ls
in
the
se
and
oth
er
nat
ura
l w
ate
r s
yst
ems
and
the
est
abl
ish
men
t o
f r
ela
tio
n—
sh
ip
s
be
tw
ee
n
th
es
e
le
ve
ls
an
d
th
e
ge
ol
og
ic
na
tu
re
of
th
e
areas drained.
(4)
Fo
r
Cu
an
d
Zn
,
th
e
do
mi
na
nt
me
ch
an
is
m
of
tr
an
sp
or
t
wit
hin
the
st
re
am
dep
end
s
on
the
sus
pen
ded
sed
ime
nt
lev
el.
In
wa
te
rs
wi
th
lo
w
su
sp
en
de
d
se
di
me
nt
le
ve
ls
,
be
lo
w
93
20
mg
/L
,
the
maj
ori
ty
of
the
Cu
and
Zn
is
tra
nsp
ort
ed
in
dis
sol
ved
fo
rm
,
wh
er
ea
s
th
e
su
sp
en
de
d
se
di
me
nt
ac
co
un
ts
fo
r
mo
st
of
th
e
tr
an
sp
or
t
of
th
es
e
tr
ac
e
el
em
en
ts
at
hi
gh
er
pa
rt
ic
ul
at
e
le
ve
ls
.
Th
us
,
se
di
me
nt
tr
an
sp
or
t
du
ri
ng
sp
ri
ng
ru
n—
of
f
an
d
ra
in
—s
to
rm
s
se
em
s
li
ke
th
e
mo
st
im
po
rt
an
t
me
ch
an
is
m
fo
r
re
mo
vi
ng
la
rg
e
am
ou
nt
s
of
el
em
en
ts
fr
om
th
es
e
wa
te
rs
he
ds
ov
er
th
e
co
ur
se
of
a year.
(5
)
T
h
e
p
h
y
s
i
c
a
l
a
n
d
/
o
r
c
h
e
m
i
c
a
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
of
th
e
su
sp
en
de
d
se
di
me
nt
de
pe
nd
ed
on
it
s
co
nc
en
tr
at
io
n
in
th
e
wa
te
r.
Bo
th
ac
id
-s
ol
ub
il
it
y
an
d
tr
ac
e
el
em
en
t
ex
tr
ac
ta
bi
li
ty
in
cr
ea
se
d
Wi
th
d
e
c
r
e
a
s
i
n
g
se
di
me
nt
le
ve
ls
.
Se
di
me
nt
fr
om
lo
w
le
ve
l.
st
re
am
s
wa
s
en
ri
ch
ed
wi
th
Cu
in
re
la
ti
on
to
le
ve
ls
of
Cu
in
sus
pe
nd
ed
sed
ime
nts
fro
m h
igh
er
lev
el
str
eam
s.
(6
)
T
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
w
a
t
e
r
s
a
m
p
l
e
s
d
e
t
e
r
—
m
i
n
e
d
b
y
a
c
i
d
l
e
a
c
h
i
n
g
o
r
s
o
l
v
e
n
t
e
x
t
r
a
c
t
i
o
n
,
W
i
t
h
o
u
t
c
o
m
p
l
e
t
e
d
i
s
s
o
l
u
t
i
o
n
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
(
o
f
t
e
n
r
e
f
e
r
r
e
d
t
o
a
s
'
"
t
o
t
a
l
"
c
o
n
c
e
n
t
r
a
t
i
o
n
s
)
w
e
r
e
l
o
w
e
r
t
n
a
n
t
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
d
e
t
e
r
m
i
n
e
d
b
y
c
o
m
p
l
e
t
e
d
e
s
t
r
u
c
t
i
o
n
o
f
p
a
r
t
i
c
u
l
a
t
e
m
a
t
t
e
r
;
t
h
e
y
a
p
p
r
o
a
c
h
e
d
t
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
h
e
n
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
e
v
e
l
s
w
e
r
e
l
o
w
,
b
u
t
w
e
r
e
m
o
r
e
d
e
v
i
a
n
t
a
t
h
i
g
h
e
r
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
e
v
e
l
s
.
(
7
)
A
l
t
h
o
u
g
h
c
o
n
s
i
d
e
r
a
b
l
e
e
f
f
o
r
t
a
n
d
d
i
l
i
g
e
n
c
e
w
e
r
e
d
i
r
e
c
t
e
d
t
o
t
h
e
g
e
n
e
r
a
t
i
o
n
o
f
a
n
a
l
y
t
i
c
a
l
i
n
f
o
r
m
a
t
i
o
n
r
e
g
a
r
—
d
i
n
g
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
s
t
r
e
a
m
w
a
t
e
r
s
,
a
n
d
r
e
a
s
o
n
a
b
l
y
r
e
l
i
a
b
l
e
d
a
t
a
w
a
s
r
e
a
l
i
z
e
d
f
o
r
C
u
a
n
d
Z
n
,
a
n
d
o
c
c
a
s
i
o
n
a
l
l
y
f
o
r
C
d
a
n
d
P
b
?
,
s
o
m
e
w
h
a
t
l
a
r
g
e
i
m
p
r
e
c
i
s
i
o
n
i
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
s
o
m
e
d
a
t
a
,
a
n
d
t
h
e
i
r
a
c
c
u
r
a
c
y
c
a
n
n
o
t
b
e
f
i
r
m
l
y
d
e
f
i
n
e
d
.
S
p
e
c
i
f
i
c
a
l
l
y
,
t
h
e
v
e
r
y
l
o
w
l
e
v
e
l
s
o
f
C
d
a
n
d
P
b
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
,
c
o
u
p
l
e
d
w
i
t
h
e
x
p
e
r
i
m
e
n
t
a
l
d
i
f
f
i
—
c
u
l
t
i
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
i
r
m
e
a
s
u
r
e
m
e
n
t
,
g
a
v
e
r
i
s
e
t
o
u
n
c
e
r
t
a
i
n
d
a
t
a
a
n
d
p
r
e
c
l
u
d
e
d
f
i
r
m
c
o
n
c
l
u
s
i
o
n
s
r
e
g
a
r
d
i
n
g
t
h
e
s
e
t
w
o
e
l
e
m
e
n
t
s
.
T
h
i
s
s
u
g
g
e
s
t
s
t
h
a
t
a
c
c
u
r
a
t
e
t
r
a
c
e
a
n
d
u
l
t
r
a
t
r
a
c
e
a
n
a
l
y
s
i
s
i
s
a
r
a
t
h
e
r
c
o
m
p
l
e
x
a
n
d
d
e
m
a
n
d
i
n
g
t
a
s
k
r
e
q
u
i
r
i
n
g
a
g
o
o
d
m
e
a
s
u
r
e
o
f
a
n
a
l
y
t
i
c
a
l
a
n
d
t
e
c
h
n
i
c
a
l
c
o
m
-
p
e
t
e
n
c
e
.
R
e
l
i
a
b
l
e
,
d
e
t
a
i
l
e
d
,
a
n
d
r
e
p
r
e
s
e
n
t
a
t
i
v
e
i
n
f
o
r
m
a
t
i
o
n
i
n
r
e
s
p
e
c
t
o
f
i
m
p
o
r
t
a
n
t
t
r
a
c
e
e
l
e
m
e
n
t
s
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
y
s
t
e
m
s
i
s
s
o
r
e
l
y
n
e
e
d
e
d
t
o
f
u
l
l
y
a
d
d
r
e
s
s
P
L
U
A
R
G
o
b
j
e
c
t
i
v
e
s
,
t
o
c
o
n
c
l
u
s
i
v
e
l
y
i
n
t
e
r
r
e
l
a
t
e
t
r
a
c
e
e
l
e
m
e
n
t
l
e
v
e
l
s
a
m
o
n
g
t
h
e
v
a
r
i
o
u
s
s
t
r
e
a
m
c
o
m
p
o
n
e
n
t
s
,
t
o
g
e
t
a
g
o
o
d
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
s
o
u
r
c
e
s
a
n
d
m
e
c
h
a
n
i
s
m
s
o
f
e
l
e
m
e
n
t
t
r
a
n
s
p
o
r
t
a
n
d
t
o
p
r
o
v
i
d
e
a
r
e
l
i
a
b
l
e
d
a
t
a
b
a
s
e
f
o
r
c
u
r
r
e
n
t
a
n
d
f
u
t
u
r
e
c
o
m
p
a
r
i
-
 
s
o
n
s
.
R
e
l
i
a
b
l
e
a
n
a
l
y
t
i
c
a
l
a
n
d
e
n
v
i
r
o
n
m
e
n
t
a
l
i
n
f
o
r
m
a
t
i
o
n
i
s
a
p
r
e
r
e
q
u
i
s
i
t
e
t
o
t
h
e
f
o
r
m
u
l
a
t
i
o
n
o
f
f
i
r
m
c
o
n
c
l
u
s
i
o
n
s
a
n
d
s
o
u
n
d
d
e
c
i
s
i
o
n
s
.
C
o
n
s
i
d
e
r
a
t
i
o
n
o
f
t
h
e
f
o
l
l
o
w
i
n
g
p
r
o
p
o
s
a
l
s
,
d
i
r
e
c
t
l
y
r
e
l
a
t
e
d
to
a
l
l
o
f
t
h
e
P
L
U
A
R
G
o
b
j
e
c
t
i
v
e
s
i
n
t
h
e
D
e
t
a
i
l
e
d
S
t
u
d
i
e
s
P
r
o
g
r
a
m
(
I
n
t
e
r
n
a
t
i
o
n
a
l
R
e
f
e
r
e
n
c
e
G
r
o
u
p
,
1
9
7
4
)
,
w
o
u
l
d
a
n
s
w
e
r
m
o
r
e
c
o
m
p
l
e
t
e
l
y
P
L
U
A
R
G
'
s
q
u
e
s
t
i
o
n
s
a
n
d
w
o
u
l
d
c
o
n
v
e
n
i
e
n
t
l
y
b
e
n
e
f
i
t
f
r
o
m
th
e
i
n
t
e
n
s
i
v
e
e
f
f
o
r
t
s
e
x
p
e
n
d
e
d
th
us
fa
r
in
id
en
ti
fy
in
g
an
d
c
h
a
r
a
c
t
e
r
i
zi
n
g
a
g
r
i
c
ul
t
ur
a
l
watersheds.
(i
)
Re
la
ti
on
of
th
is
wo
rk
to
ot
he
r
st
ud
ie
s.
Gi
ve
n
th
e
ma
ny
ot
he
r
in
ve
st
ig
at
io
ns
co
nc
er
ni
ng
th
e
ch
ar
ac
te
ri
st
ic
s
of
th
e
si
x
wa
te
rs
he
ds
,
de
ta
il
ed
re
la
ti
on
sh
ip
s
be
tw
ee
n
tr
ac
e
el
em
en
t
le
ve
ls
re
po
rt
ed
he
re
an
d
so
il
,
su
sp
en
de
d
se
di
me
nt
an
d
bo
tt
om
se
di
me
nt
mi
ne
ra
lo
gy
,
an
d
ch
em
is
tr
y
sh
ou
ld
be
in
ve
st
i—
ga
te
d.
iR
el
at
io
ns
sh
ou
ld
be
so
ug
ht
be
tw
ee
n
tr
ac
e
el
em
en
t
in
fo
rm
at
io
n
re
po
rt
ed
he
re
an
d
th
e
va
ri
et
y
of
ot
he
r
pa
ra
me
te
rs
res
ult
ing
fro
m
oth
er
de
ta
il
ed
stu
die
s
in
the
PL
UA
RG
pro
gra
m,
suc
h a
s l
and
use
inf
orm
ati
on,
str
eam
flo
w,
pre
cip
ita
tio
n
che
mis
try
,
soi
l i
nve
nto
ry,
nut
rie
nt
and
oth
er
com
pon
ent
lev
els
in
str
eam
s,
ero
sio
nal
los
ses
fro
m l
and
,
sed
ime
nt
del
ive
ry,
and
mechanisms of transport delineated in other studies.
 
 (ii) Levels of Trace Elements in Streams. Much more
accurate and representative concentration data are required
to get a grasp of the partition of trace elements, such as
Cu, Zn, Cd and Pb, between suspended and soluble forms. In
particular, should one be interested in trendsof trace element
 
levels with time, that is, comparisons of future data with
the present information to monitor effects of changed land uses
and anthropogenic pollution, then very accurate data indeed
is a prerequisite for any serious comparisons. Much data in
the literature in respect of low trace element levels in
natural waters (and other systems) is either suspect, or the
result of insufficiently detective methodology, and it is
only with the work of recent years that we have begun to
approach some degree of reliability in this area. It is very
difficult if not impossible to follow trends with time using
information with a spotty reliability record. It is difficult
enough to generate good data let alone look for differences
between them. Levels of Cd, for example, reported 10 years
ago as <10 ug/L cannot be related to levels found today in
the vicinity of 0.01—0.l ug/L. Detection limits for trace
elements suggested by PLUARG to be at the l ug/L level are
too high for Cd and Pb. The very low levels of these elements
in natural waters suggests the need for analytical detection
limits 100—1000 fold lower, in the range 0.001—0.0l ug/L.
Data obtained in this work suggest that dissolved levels
of trace elements are fairly invariable with watershed and
suspended sediment load. Several results, however, deviate
substantially from medians. Whether these are non-represen-
tative, aberrant values or represent real behaviour of the
systems cannot be conclusively assessed. This interesting
question could be answered through more careful studies.
Much effort has gone into defining, choosing and characteri—
zing these representative agricultural watersheds, setting
up instrumentation and amassing details; this can be put to
goo
d u
se
in
res
pec
t o
f d
eta
ile
d t
rac
e e
lem
ent
stud
ies.
Muc
h
valuable and interesting information regarding levels of
sel
ect
ed
tra
ce
ele
men
ts
in
the
str
eam
s,
sou
rce
s,
sto
rag
e a
nd
tra
nsp
ort
mec
han
ism
s a
nd
loa
din
gs
can
be
obt
ain
ed
wit
h o
nly
mod
era
te
eff
ort
fro
m a
con
tin
ued
sma
ll
sca
le
inv
est
iga
tio
n
Of
the
se
six
wat
ers
hed
s.
Thi
s
sit
uat
ion
pre
sen
ts
an
exc
el-
len
t o
ppo
rtu
nit
y,
thr
oug
h
car
efu
l e
xpe
rim
ent
ati
on,
to
pro
vid
e
a g
ood
dat
a b
ase
in
res
pec
t o
f t
ota
l,
sus
pen
ded
sed
ime
nt-
con
tri
but
ed
and
dis
sol
ved
tra
ce
ele
men
t c
onc
ent
rat
ion
s a
nd
loa
din
gs,
to
pro
vid
e f
or
fir
m c
onc
lus
ion
s n
ow
and
for
com
par
i—
sons in the future. This information can be related to
str
eam
flo
w a
nd
sus
pen
ded
sed
ime
nt
cha
rac
ter
ist
ics
and
int
e-
gra
ted
wit
h r
esp
ect
to
the
se
par
ame
ter
s.
Ver
y s
par
se
dat
a i
s
ava
ila
ble
on
the
beh
avi
or
of
the
tox
ic
ele
men
ts
Cd
and
Pb
and
no
fir
m
co
nc
lus
io
ns
res
ult
ed
fro
m
thi
s
wor
k.
Par
tic
ula
r
att
en-
tio
n s
hou
ld
thu
s b
e d
evo
ted
to
the
se
ele
men
ts.
Eve
n e
xtr
eme
ly
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lo
w
le
ve
ls
of
el
em
en
ts
in
wa
te
rs
co
ul
d
be
of
si
gn
if
ic
an
ce
-
gi
ve
n
th
e
ph
en
om
en
on
of
bi
oa
cc
um
ul
at
io
n
Wt
hh
ca
n
re
su
lt
in
on
e
mi
ll
io
n-
fo
ld
en
ha
nc
em
en
t
of
co
nc
en
tr
at
io
n
in
ll
Vl
ng
or
ga
-
nisms.
(ii
i)
Sp
ec
ia
ti
on
of
Tr
ac
e
El
em
en
ts
:
Fr
om
th
e
st
an
dp
oi
nt
of
to
xi
co
lo
gy
an
d
de
ta
il
ed
in
fo
rm
at
io
n
re
ga
rd
in
g
tr
an
sp
or
t
I
mec
han
ism
,
kno
wle
dge
of
ele
men
t s
pec
iat
ion
,
tha
t i
s t
he
che
mic
al
for
m a
nd
loc
ati
on
of
the
ele
men
t i
n t
he
sol
uti
on/
sus
pen
ded
sed
ime
nt
mat
rix
is
imp
era
tiv
e.
It
is
rec
omm
end
ed
tha
t t
he
gro
ss
par
tit
ion
(di
sso
lve
d/s
usp
end
ed
sed
ime
nt)
stu
die
s m
ent
ion
ed
in
(ii
)
be
ext
end
ed
fur
the
r t
o i
ncl
ude
inv
est
iga
tio
n o
f r
ela
tio
ns
bet
wee
n e
lem
ent
lev
els
and
sus
pen
ded
sed
ime
nt
min
era
log
y
and extractability with selective reagents. Such important
basic information on partition of trace elements in these
"unpolluted" streams can serve as a basis for comparison with
levels and behavior of trace elements in other "unpolluted"
natural waters and in water courses contaminated by trace
elements from anthropogenic and natural sources. Further
study of gross and detailed partition would shed light on
the enrichment phenomenon uncovered for Cu and ascertain
whether a similar situation exists for Zn, Cd and Pb. (Specia—
tion in solution where the metal can be present as hydrated
ions, complexes with inorganic or organic ligands, and adsorbed
on or occluded in inorganic and organic colloids, is another
consideration too complex, however, to envisage within the
present context, but important for complete understanding of
the sources, fate, and behavior of metals in the environment).
DEGREE TO WHICH PROJECT OBJECTIVES WERE MET
The main objective of this study was to obtain reliable
analytical.information regarding concentrations of Cu, Zn,
Cd and Pb in waters and suspended sediments from six agricul—
tural watersheds,
in support of project 9 goals related
to
assessing relationships between concentrations of these
elements in stream components and soils, and elucidating storage
and
transport
mechanisms.
Other
objectives
were
related
to
development
of
analytical
methodology,
and
elucidation
of
metal
transport
mechanisms.
All
objectives
were
met.
A
Appropriate
analytical
methodology
with
detection
limits
equal
to
or
generally
better
than
the
lug/L
requested
by
PLUARG
was
developed
and
adapted
to
the
measurement
of
trace
and
ultratrace
levels
of
the
elements
of
interest
in
water
and
sediments.
Application
of
in-laboratory
data
quality
control
procedures
and
cooperation
of
other
experienced
analytical
laboratories
gave
reliable
results
for
dissolved,
suspended
sediment-contributed,
and
total
concentrations
of.
the
elements.
Comparison
of
results
from
this
study
with
-70..
 literature
i
n
f
o
r
m
a
t
i
o
n
on
levels
of
trace
elements
in
other
natural
waters
suggested
no
gross
effects
of
agricultural
p
r
a
c
t
i
c
e
s
on
trace
element
levels
in
streams.
Conclusions
regarding
partition
between
dissolved
and
suspended
phases
and
mechanisms
of
transport
of
Cu
and
Zn
were
formulated.
Some
conclusions
regarding
the
physical
and/or
chemical
characteristics
of
the
suspended
sediment
as
a
function
of
its
concentration
in
the
stream
were
also
presented.
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ef
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r
de
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le
ve
ls
re
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ed
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y
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te
d
by
th
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ed
.
Ag
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d
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d
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sa
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6
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;
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ta
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r
ot
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r
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rs
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Ea
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to
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4
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s
fro
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to
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3
wat
ers
thr
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t
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ld.
dA
-P
LU
AR
G
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ri
cu
lt
ur
al
wa
te
rs
he
d;
O—
ot
he
r
na
tu
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l
wa
te
r.
Al
l
wa
te
rs
ma
y
no
t
be truly unpolluted.
Tab
le
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Com
par
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n
of
con
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tra
tio
ns
of
dis
sol
ved
Cu,
Zn,
Cd
and
Pb
in
wat
ers
of
agr
icu
ltu
ral
wat
er
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ed
s
1,
3,
4,
5,
10
and
13
wit
h
lit
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dat
a
for
oth
er
“un
pol
lut
ed”
fre
sh
sur
fac
e
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Concentration ug/L c
This work Literature
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ge
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s
Cu
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data reported.
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aRefer to Appendix II for detailed information.
truly unpolluted.
A11 waters may not be
bRefer to Table 9 for details; 11—21 samples of 6 watersheds.
cAnalyses of typically 0.45 um—filtered water samples.
means reported in literature; medians estimated by this author from
Data based on Ea >1690 samples from >131 waters.
dData of Chan! 1977.
Medians or
 RELATIONSHIP OF PROJECT RESULTS TO PLUARG OBJECTIVES
The objective of this study was to determine concentra—
tions of Cu, Zn, Cd and Pb in waters and suspended sediments
from six detailed study watersheds with the aim of assessing
relationships of these heavy metalsamong stream components
and elucidating storage and transport mechanisms.
Reliable estimates of trace element levels in stream
components were provided.
Comparison of results from this study with literature
information on levels of trace elements in other natural waters
suggested no gross effects of agricultural practices on trace
element levels in streams.
Conclusions regarding partition between dissolved and
suspended phases and mechanisms of transport of Cu and Zn
were formulated. Some conclusions regarding the physical and/
or chemical characteristics of the suSpended sediment as a
function of its concentration in the stream were also presented.
Inf
orm
ati
on
was
pro
vid
ed
to
per
mit
est
ima
tio
n o
f t
he
ext
ent
of
tra
ce
ele
men
t
loa
din
gs
to
sur
fac
e w
ate
rs,
in
con
jun
cti
on
wit
h
flow data expected from other studies of these watersheds.
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at
io
n
on
th
e
an
al
yt
ic
al
pr
oc
ed
ur
es
us
ed
in
th
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it
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e
vi
ew
of
im
pr
ov
in
g
th
e
qu
al
it
y
of
in
fo
rm
at
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R
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R
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c
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c
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c
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i
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c
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c
e
d
u
r
e
a
r
e
p
r
e
s
e
n
t
e
d
in
T
a
b
l
e
s
13
—1
6.
T
h
e
s
e
C
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c
t
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r
i
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c
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p
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c
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c
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c
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c
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c
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p
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c
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t
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c
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c
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p
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c
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e
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i
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c
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p
l
e
s
a
n
d
r
e
l
a
t
e
d
s
o
l
u
t
i
o
n
s
.
C
a
l
c
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b
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e
r
e
S
i
s
t
h
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c
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b
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p
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c
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h
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n
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n
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p
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c
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c
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b
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p
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c
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b
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e
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b
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p
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c
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c
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b
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b
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c
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c
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d
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c
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.
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c
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p
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c
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p
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c
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v
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b
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c
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c
d
e
t
e
r
m
i
n
a
t
i
o
n
w
h
e
r
e
a
s
t
h
e
t
wo
o
t
h
e
r
s
o
l
u
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n
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e
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b
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c
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b
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p
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.
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.
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d
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ac
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re
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ra
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at
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at
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re
pr
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at
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at
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33
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at
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,
CR
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A,
of
1.
0
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an
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,
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d
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ﬁ
A
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35
A
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g
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ra
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to
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3
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.
Wi
th
in
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ch
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t,
ho
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ve
r,
bo
th
pa
ra
me
te
rs
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r
Pb
,
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fo
r
th
e
ot
he
r
thr
ee
ele
men
ts,
wer
e
fai
rly
inv
ari
abl
e.
In
st
rum
en
t
-76-
—
—
—
—
—
—
—
J
 parameters were adjusted prior to measurements in each set,
but once adjusted, remained unaltered for all measurements
within the set.
The fact that solutions RBA and AA are different (both
are 1.6 M with respect to HN03 but the latter contains a
heavy salt matrix) can account for the different trace
element levels measured, by virtue of contamination (reflected
in positive concentrations) and instrumental measurement
system biases (positive or negative concentrations). Consi—
deration of the latter suggested that blank measurements on
AA rather than on RBA would be the more appropriate to use in
calculations of trace element concentrations in samples, as
solution AA more closely approximated sample matrices. These
blank considerations are in addition, of course, to processing
reagent blanks obtained by taking reagents, devoid of sample
through the entire analytical procedure. Solution AA would
have provided an excellent reagent blank if it contained no
extraneous trace elements; having been prepared from reagent
grade but notultra-pure salts, this could not be assured.
In fact, without a solution prepared from pure salts to serve
as a matrix reference, contamination levels of Zn, Cd and Pb
in solution AA could not be measured with certainty (cf the
negative values for Zn, and Cd, and the positive and negative
values for Pb); an estimate, however, of ca 56 ug/L could be
made for Cu, the only element to give consistent, positive
concentration data. Solution RBA thus served as the reagent
blank for Cu and Zn, but it was decided to use AA in conjunc-
tion with Cd and Pb analyses, the assumption being that Cd
and Pb levels,in AA were 0. Later independent analyses
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s s
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.
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re
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at
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d
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.
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c
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p
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c
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h
e
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p
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p
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p
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p
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u
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r
e
a
t
m
e
n
t
w
i
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p
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i
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c
o
m
p
o
n
e
n
t
s
,
s
u
p
e
r
n
a
t
a
n
t
,
r
e
s
i
d
u
e
,
f
i
l
t
e
r
e
d
w
a
t
e
r
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
,
a
n
d
g
e
t
t
o
t
a
l
m
e
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
b
y
s
u
m
m
i
n
g
r
e
s
u
l
t
s
f
r
o
m
t
h
e
f
o
r
m
e
r
t
w
o
a
n
d
/
o
r
t
h
e
l
a
t
t
e
r
t
w
o
.
T
h
e
s
i
m
p
l
e
E
v
a
p
/
F
A
A
S
p
r
o
-
c
e
d
u
r
e
p
r
o
v
e
d
s
u
c
c
e
s
s
f
u
l
;
e
v
e
n
5
0
-
f
o
l
d
h
e
a
t
—
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
f
i
l
t
e
r
e
d
w
a
t
e
r
s
a
m
p
l
e
s
r
e
s
u
l
t
e
d
i
n
c
l
e
a
r
s
o
l
u
t
i
o
n
s
w
i
t
h
a
t
y
p
i
c
a
l
r
e
s
i
d
u
e
w
e
i
g
h
t
o
f
0
.
5
m
g
/
S
O
O
m
L
.
D
E
T
E
R
M
I
N
A
T
I
O
N
o
f
S
U
S
P
E
N
D
E
D
S
E
D
I
M
E
N
T
a
n
d
R
E
S
I
D
U
E
,
a
n
d
A
N
A
L
Y
S
I
S
o
f
S
O
L
I
D
S
f
o
r
T
R
A
C
E
M
E
T
A
L
S
b
y
A
C
I
D
D
I
G
E
S
T
I
O
N
/
F
L
A
M
E
A
T
O
M
I
C
A
B
S
O
R
P
T
I
O
N
S
P
E
C
T
R
O
M
E
T
R
Y
A
t
t
h
e
a
u
t
h
o
r
'
s
r
e
q
u
e
s
t
,
a
l
l
m
e
m
b
r
a
n
e
f
i
l
t
e
r
s
,
b
e
g
i
n
n
i
n
g
w
i
t
h
t
h
e
J
u
n
e
1
9
7
6
s
a
m
p
l
i
n
g
,
w
h
i
c
h
w
e
r
e
u
s
e
d
f
o
r
f
i
e
l
d
f
i
l
—
t
e
r
i
n
g
o
f
t
h
e
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
a
n
d
d
i
s
t
i
l
l
e
d
w
a
t
e
r
c
o
n
t
r
o
l
s
a
m
p
l
e
s
,
w
e
r
e
f
o
r
w
a
r
d
e
d
t
o
g
e
t
h
e
r
w
i
t
h
t
h
e
w
a
t
e
r
s
a
m
p
l
e
s
,
t
o
C
B
R
I
.
T
h
e
i
n
t
e
n
t
i
o
n
w
a
s
t
o
a
n
a
l
y
z
e
t
h
e
s
u
s
p
e
n
d
e
d
p
a
r
t
i
c
u
l
a
t
e
o
f
t
h
e
s
t
r
e
a
m
s
f
o
r
C
u
,
Z
n
,
C
d
a
n
d
P
b
t
o
g
e
t
d
i
r
e
c
t
l
y
t
h
e
l
e
v
e
l
s
o
f
t
h
e
s
e
e
l
e
m
e
n
t
s
i
n
t
h
e
s
u
s
p
e
n
d
e
d
f
r
a
c
t
i
o
n
f
o
r
c
o
r
r
o
b
o
r
a
t
i
v
e
a
n
d
m
a
s
s
b
a
l
a
n
c
e
c
a
l
c
u
l
a
t
i
o
n
s
w
i
t
h
d
a
t
a
o
b
t
a
i
n
e
d
s
e
p
a
r
a
t
e
l
y
f
o
r
u
n
f
i
l
t
e
r
e
d
a
n
d
f
i
l
t
e
r
e
d
s
a
m
p
l
e
s
(a
s
d
i
s
c
u
s
s
e
d
p
r
e
v
i
o
u
s
l
y
)
.
A
s
e
c
o
n
d
p
u
r
p
o
s
e
,
t
h
a
t
o
f
d
e
t
e
r
m
i
n
i
n
g
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
-
c
e
n
t
r
a
t
i
o
n
s
,
b
e
c
a
m
e
e
v
i
d
e
n
t
a
f
t
e
r
i
t
w
a
s
r
e
a
l
i
z
e
d
t
h
a
t
m
e
a
—
s
u
r
e
m
e
n
t
s
o
f
t
h
i
s
p
a
r
a
m
e
t
e
r
i
n
t
h
e
G
u
e
l
p
h
l
a
b
o
r
a
t
o
r
y
w
e
r
e
b
a
s
e
d
o
n
w
e
i
g
h
t
s
o
f
w
e
t
m
e
m
b
r
a
n
e
f
i
l
t
e
r
s
a
n
d
c
o
n
t
e
n
t
s
,
a
n
d
w
o
u
l
d
n
o
t
h
a
v
e
b
e
e
n
s
u
f
f
i
c
i
e
n
t
l
y
a
c
c
u
r
a
t
e
f
o
r
f
o
r
o
u
r
p
u
r
p
o
s
e
.
A
l
t
h
o
u
g
h
a
n
u
m
b
e
r
o
f
a
n
a
l
y
s
e
s
o
f
t
h
i
s
p
a
r
t
i
c
u
l
a
t
e
m
a
t
e
r
i
a
l
w
e
r
e
c
o
m
p
l
e
t
e
d
,
t
h
e
t
o
t
a
l
a
t
t
a
i
n
m
e
n
t
o
f
t
h
e
s
e
t
w
o
o
b
j
e
c
t
i
v
e
s
wa
s
p
r
e
c
l
ud
e
d
by
th
e
f
o
l
l
o
wi
n
g
e
xp
e
r
i
m
e
n
t
a
l
d
i
f
f
i
c
ul
t
i
e
s
:
(i
)
T
h
e
h
i
g
h
w
e
i
g
h
t
(9
a
80
mg
)
a
n
d
v
a
r
i
a
b
i
l
i
t
y
(
s
t
a
n
d
a
r
d
d
e
v
i
—
a
t
i
o
n
c
a
4
mg
)
o
f
e
a
c
h
4
7
m
m
d
i
a
m
e
t
e
r
S
a
r
t
o
r
i
u
s
m
e
m
b
r
a
n
e
fi
lt
er
,
t
o
g
e
t
h
e
r
wi
t
h
th
e
ne
ed
to
us
e
fo
ur
fi
lt
er
s
fo
r
fi
lt
ra
—
ti
on
,
an
d
th
e
sm
al
l
we
i
g
h
t
s
of
s
us
p
e
n
d
e
d
s
e
d
i
m
e
n
t
o
f
t
e
n
fo
un
d
in
t
h
e
w
a
t
e
r
s
a
m
p
l
e
s
,
m
a
d
e
i
m
p
o
s
s
i
b
l
e
,
s
e
d
i
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
de
te
rm
in
at
io
ns
of
an
y
de
ce
nt
ac
cu
ra
cy
,
(i
i)
Th
e
se
di
me
nt
,
e
s
p
e
c
i
a
l
l
y
wh
e
n
p
r
e
s
e
n
t
as
o
n
l
y
a
th
in
fi
lm
,
a
d
h
e
r
e
d
te
na
ci
-
ou
sl
y
to
th
e
Sa
rt
or
iu
s
fi
lt
er
an
d
wa
s
di
ff
ic
ul
t
if
no
t
im
po
s—
si
bl
e
to
re
mo
ve
;
in
ad
di
ti
on
,
th
e
fr
ag
il
e
fi
lt
er
te
nd
ed
to
br
ea
k
up
on
ma
ni
pu
la
ti
on
,
(i
ii
)
An
al
ys
es
of
th
e
co
mb
in
at
io
n,
fi
lt
er
pl
us
co
nt
en
ts
co
ul
d
no
t
be
re
li
ab
ly
co
nd
uc
te
d,
as
th
e
we
ig
ht
of
sa
mp
le
on
th
e
fi
lt
er
wa
s
un
kn
ow
n,
an
d
se
ri
ou
s
tr
ac
e
me
ta
l
co
nt
am
in
at
io
n
fr
om
th
e
fi
lt
er
up
on
co
mp
le
te
di
ge
st
io
n
wa
s
an
ti
ci
pa
te
d
in
re
la
ti
on
to
th
e
am
ou
nt
s
of
me
ta
l
ex
pe
ct
ed
in
se
di
me
nt
sa
mp
le
s.
In
re
sp
ec
t
of
(i
ii
),
co
ns
id
er
in
g
as
mu
ch
as
10
mg
of
su
sp
en
de
d
se
di
me
nt
wi
th
me
di
an
ch
nc
en
tr
at
io
ns
of
Cu
an
d
Zn
of
52
an
d
16
5
ug
/
g
re
sp
ec
ti
ve
ly
,
an
d
le
ve
ls
of
-78—
4
E
_
_
_
_
_
_
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
-
-
-
-
-
-
-
-
-
I
I
I
I
I
I
‘
I
I
 Cu and Zn of 0.5—0.8, and 0.2 ug/47 mm diameter filter respec-
tively estimated from those reported for Millipore filters by
Robertson (1968, 1972), the filter would be the source of
50-60% and 10% of the Cu and Zn respectively in the analytical
sample.
All of theSe problems were obviated by the use of poly—
carbonate, Nuclepore membrane filters (N 040, 0.4 um, 47 mm
diameter) for filtration experiments in the author's laboratory.
These filters have a smaller weight and variability (mean weight
and standard deviation of 11 different filters from one box =
15.93 i 0.15 m9), a greater tensile strength and lower trace
element content. Sediment and residues could be weighed
reliably in amounts in the milligram range and could be easily,
conveniently, and semi—quantitatively removed from the membrane
filters, permitting digestion of the sample alone.
With these filters, the detection limit for determination
of solids by filtration, based on 3x the standard deviation
of the weights of blank filters, was 0.5 mg. Performance
characteristics are detailed in Table 17; they pertain to actual
analyses of real samples and reflect uncertainties from both
the analytical procedure (filtration, drying, weighing) and
subsampling. These figures of merit apply to measurements in
the author's laboratory and were associated with the few deter—
minations of suspended sediment and all residue concentration
data obtained in this laboratory and reported in Table 4.
The bulk of the suspended sediment informationlhowever, was
cal
cul
ate
d f
rom
dir
ect
and
ind
ire
ct
mea
sur
eme
nts
of
this
par
a—
meter in two other laboratories. The standard deviation
ass
oci
ate
d w
ith
the
se
dat
a w
as
est
ima
ted
to
be
12 m
g/L,
for
con
cen
tra
tio
ns
in
the
ran
ge
0-3
40
mg/
L,
rat
her
lar
ge
in
rel
ati
on
to
the
low
sed
ime
nt
lev
els
enc
oun
ter
ed,
and
to
the
0.7
-9.
1 m
g/L
for
0-5
00
mg/
L s
edi
men
t a
nd
res
idu
e c
onc
ent
rat
ion
s o
bta
ine
d
in
the
aut
ho
r‘s
lab
ora
tor
y
(se
e
als
o
App
end
ix
II
and
Tab
le
45)
.
Pre
cis
e
suS
pe
nd
ed
sed
ime
nt
inf
orm
ati
on
was
thu
s
not
ava
ila
ble
.
Di
ff
ic
ult
ie
s
in
pr
ec
is
el
y
det
erm
ini
ng
sus
pen
ded
sed
ime
nt
(al
so
den
ote
d
no
nf
il
te
ra
bl
e
res
idu
e)
in
nat
ura
l
wat
ers
hav
e
bee
n
dis
cus
sed
by
McG
irr
(19
74)
who
rep
ort
ed
sta
nda
rd
deV
iat
ion
s
fr
om
in
te
rl
ab
or
at
or
y
st
ud
ie
s
of
ca
2
an
d
12
mg
/L
fo
r
se
di
me
nt
concentrations of ca 2 and 32 mg/L respectively.
Th
e
mu
ch
lo
we
r
tr
ac
e
el
em
en
t
co
nt
en
ts
of
Nu
cl
ep
or
e
fi
lt
er
s
(R
ob
er
ts
on
,
19
72
;
Nu
cl
ep
or
e
Co
rp
.
19
73
)
wo
ul
d
ma
ke
th
em
su
pe
-
ri
or
su
pp
or
ts
fo
r
an
al
ys
is
of
so
li
ds
fo
r
tr
ac
e
el
em
en
ts
wh
er
e.
co
mp
le
te
di
ss
ol
ut
io
n
of
sa
mp
le
pl
us
fi
lt
er
is
ne
ce
ss
ar
y.
Ag
ai
n
co
ns
id
er
in
g
10
mg
of
su
sp
en
de
d
se
di
me
nt
wi
th
me
di
an
co
nc
en
—
tr
at
io
ns
of
Cu
,
Zn
,
Cd
an
d
Pb
of
52
,
16
5,
l
an
d
70
ug
/g
re
sp
ec
ti
ve
ly
,
an
d
le
ve
ls
of
th
es
e
el
em
en
ts
of
ca
0.
04
,
0.
07
,
<0
.0
01
an
d
<0
.0
01
ug
/4
7
mm
di
am
et
er
fi
lt
er
re
sp
ec
ti
ve
ly
,
th
e
-79-
_
  
f
i
l
t
e
r
w
o
u
l
d
c
o
n
t
r
i
b
u
t
e
8
,
4
,
<
1
0
,
a
n
d
<
2
%
o
f
t
h
e
C
u
,
Z
n
,
C
d
a
n
d
P
b
r
e
s
p
e
c
t
i
v
e
l
y
,
i
n
t
h
e
a
n
a
l
y
t
i
c
a
l
s
a
m
p
l
e
.
A
s
s
o
l
i
d
s
a
m
p
l
e
s
w
e
r
e
e
a
s
i
l
y
r
e
m
o
v
a
b
l
e
,
h
o
w
e
v
e
r
,
i
t
w
a
s
u
n
n
e
c
e
s
s
a
r
y
t
o
i
n
v
o
l
v
e
t
h
e
f
i
l
t
e
r
i
n
t
h
e
a
n
a
l
y
t
i
c
a
l
s
c
h
e
m
e
.
P
e
r
f
o
r
m
a
n
c
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
a
c
i
d
d
i
s
s
o
l
u
t
i
o
n
/
F
A
A
S
p
r
o
c
e
d
u
r
e
f
o
r
d
e
t
e
r
m
i
n
i
n
g
t
o
t
a
l
t
r
a
c
e
e
l
e
m
e
n
t
l
e
v
e
l
s
i
n
m
i
l
l
i
g
r
a
m
q
u
a
n
t
i
t
i
e
s
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
a
n
d
r
e
s
i
d
u
e
s
a
m
p
l
e
s
a
r
e
l
i
s
t
e
d
i
n
T
a
b
l
e
s
1
8
a
n
d
1
9
.
D
e
t
e
c
t
i
o
n
l
i
m
i
t
s
o
f
7
,
2
2
,
0
.
5
a
n
d
1
3
u
g
/
g
f
o
r
C
u
,
Z
n
,
C
d
a
n
d
P
b
r
e
s
p
e
c
t
i
v
e
l
y
,
r
e
f
l
e
c
t
u
n
c
e
r
t
a
i
n
t
i
e
s
f
r
o
m
s
u
b
s
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
s
i
s
o
f
s
m
a
l
l
s
a
m
p
l
e
s
.
T
h
e
p
e
r
f
o
r
m
a
n
c
e
o
f
t
h
e
p
r
o
c
e
d
u
r
e
(
a
c
c
u
r
a
c
y
)
i
n
m
e
a
s
u
r
i
n
g
t
h
e
f
o
u
r
t
r
a
c
e
e
l
e
—
m
e
n
t
s
i
n
U
S
G
S
r
o
c
k
s
,
G
—
2
,
B
C
R
-
l
a
n
d
A
G
V
-
l
,
i
s
s
h
o
w
n
i
n
T
a
b
l
e
1
9
.
F
o
r
t
w
o
o
f
t
h
e
t
h
r
e
e
s
a
m
p
l
e
s
,
o
u
r
v
a
l
u
e
s
f
o
r
C
u
a
n
d
P
b
a
g
r
e
e
d
c
l
o
s
e
l
y
w
i
t
h
t
h
o
s
e
r
e
p
o
r
t
e
d
i
n
t
h
e
l
i
t
e
r
a
t
u
r
e
b
y
F
l
a
n
a
g
a
n
(
1
9
7
3
)
,
R
a
n
t
a
l
a
a
n
d
L
o
r
i
n
g
(
1
9
7
3
)
,
a
n
d
A
b
b
e
y
(
1
9
7
5
)
,
w
h
e
r
e
a
s
a
n
e
g
a
t
i
v
e
b
i
a
s
w
a
s
s
u
g
g
e
s
t
e
d
f
o
r
C
u
i
n
G
—
2
a
n
d
P
b
i
n
B
C
R
-
l
.
Z
n
v
a
l
u
e
s
w
e
r
e
2
0
—
3
5
%
h
i
g
h
e
r
t
h
a
n
t
h
o
s
e
r
e
p
o
r
t
e
d
,
a
n
d
C
d
c
o
u
l
d
n
o
t
b
e
d
e
t
e
c
t
e
d
i
n
a
n
y
U
S
G
S
s
a
m
p
l
e
.
C
o
n
s
i
d
e
r
i
n
g
t
h
e
n
e
c
e
s
s
i
t
y
f
o
r
w
o
r
k
i
n
g
w
i
t
h
u
n
u
s
u
a
l
l
y
s
m
a
l
l
s
a
m
p
l
e
w
e
i
g
h
t
s
,
p
r
e
c
i
s
i
o
n
a
n
d
a
c
c
u
r
a
c
y
w
e
r
e
c
o
n
s
i
d
e
r
e
d
q
u
i
t
e
a
d
e
q
u
a
t
e
f
o
r
t
h
i
s
w
o
r
k
.
D
A
T
A
Q
U
A
L
I
T
Y
A
S
S
U
R
A
N
C
E
P
R
O
C
E
D
U
R
E
S
A
g
o
o
d
d
e
a
l
o
f
e
f
f
o
r
t
w
e
n
t
i
n
t
o
a
s
s
u
r
i
n
g
t
h
a
t
a
n
a
l
y
t
i
c
a
l
d
a
t
a
r
e
s
u
l
t
i
n
g
f
r
o
m
t
h
i
s
i
n
v
e
s
t
i
g
a
t
i
o
n
w
e
r
e
r
e
l
i
a
b
l
e
a
s
f
a
r
a
s
p
o
s
s
i
b
l
e
u
n
d
e
r
t
h
e
c
o
n
t
r
o
l
o
f
t
h
e
a
u
t
h
o
r
.
T
h
e
f
o
l
l
o
w
i
n
g
c
o
m
p
o
n
e
n
t
s
f
o
r
m
e
d
t
h
e
d
a
t
a
q
u
a
l
i
t
y
a
s
s
u
r
a
n
c
e
p
r
o
g
r
a
m
f
o
l
l
o
w
e
d
b
y
t
h
e
a
u
t
h
o
r
:
(
1
)
F
i
e
l
d
f
i
l
t
r
a
t
i
o
n
a
n
d
p
r
o
c
e
s
s
i
n
g
o
f
d
i
s
t
i
l
l
e
d
w
a
t
e
r
c
o
n
t
r
o
l
s
a
m
p
l
e
s
t
o
e
s
t
a
b
l
i
s
h
f
i
l
t
r
a
t
i
o
n
c
o
n
t
a
m
i
n
a
t
i
o
n
c
o
r
r
e
c
-
tions-
(2
)
D
u
p
l
i
c
a
t
e
—
q
u
a
d
r
u
p
l
i
c
a
t
e
c
o
l
l
e
c
t
i
o
n
o
f
u
n
f
i
l
t
e
r
e
d
a
n
d
f
i
l
t
e
r
e
d
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
.
(3
)
A
n
a
l
y
s
i
s
o
f
b
l
i
n
d
r
e
p
l
i
c
a
t
e
s
a
m
p
l
e
s
o
f
u
n
k
n
o
w
n
n
a
t
u
r
e
a
n
d
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
t
e
n
t
.
(4
)
D
u
p
l
i
c
a
t
e
a
n
a
l
y
s
e
s
o
f
m
a
n
y
s
a
m
p
l
e
s
,
d
u
p
l
i
c
a
t
e
F
A
A
S
d
e
t
e
r
m
i
n
a
t
i
o
n
s
o
n
v
i
r
t
u
a
l
l
y
e
v
e
r
y
s
a
m
p
l
e
.
(5
)
S
y
s
t
e
m
a
t
i
c
i
n
c
o
r
p
o
r
a
t
i
o
n
o
f
q
u
a
l
i
t
y
c
o
n
t
r
o
l
s
o
l
u
t
i
o
n
s
Q1
,
Q2
,
A
A
a
n
d
B
B
s
i
m
u
l
a
t
i
n
g
s
t
a
n
d
a
r
d
s
o
l
u
t
i
o
n
s
a
n
d
r
e
a
l
w
a
t
e
r
sa
mp
le
s
in
to
th
e
FA
AS
m
e
a
s
ur
e
m
e
n
t
sc
he
me
.
(6
)
D
e
t
e
r
m
i
n
a
t
i
o
n
o
f
r
e
c
o
v
e
r
i
e
s
o
f
t
r
a
c
e
e
l
e
m
e
n
t
s
,
a
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
e
x
p
e
c
t
e
d
in
r
e
a
l
s
y
s
t
e
m
s
f
r
o
m
d
e
i
o
n
i
z
e
d
w
a
t
e
r
,
s
y
n
t
h
e
t
i
c
n
a
t
u
r
a
l
w
a
t
e
r
a
n
d
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
.
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¥
 (7) Performance studies of analytical methodologies using
reference samples, EPA Trace Metals Quality Control Samples,
and USGS rocks.
(8) Testing of acids used for field-preservation of water
samples.
(9) Systematic and frequent determinations of appropriate
reagent blanks under conditionsof analysis of water and solid
samples.
(10) Participation in PLUARG—sponsored round robin studies
for trace metals in water.
(ll) Conduction of laboratory experiments with deionized
water and natural waters to estimate adsorption/contamination.
(12) Participation of three other laboratories applying
fou
r d
iff
ere
nt
ana
lyt
ica
l m
eth
odo
log
ies
to
ana
lys
is
of
wat
er
sub
sam
ple
s;
par
tic
ipa
tio
n o
f o
ne
oth
er
lab
ora
tor
y u
sin
g a
dif
-
fer
ent
met
hod
for
the
ana
lys
is
of
sol
id
sam
ple
s.
Ite
ms
5—7
hav
e
alr
ead
y
bee
n
dis
cus
sed
.
It
may
be
men
tio
ned
ho
we
ve
r,
th
at
al
l
th
e
le
ve
ls
of
Cu,
Zn,
Cd
an
d
Pb
in
th
e
th
re
e
EPA
re
fe
re
nc
e
sol
uti
ons
(af
ter
dil
uti
on
as
pre
scr
ibe
d b
y
EPA
)
we
re
su
bs
ta
nt
ia
ll
y
hi
gh
er
th
an
le
ve
ls
fo
un
d
in
na
tu
ra
l
wa
te
rs
(T
ab
le
15
).
Ev
en
th
e
mo
st
di
lu
te
EP
A
so
lu
ti
on
(l
—5
75
)
ha
d
Cu
,
Zn,
Cd
an
d
Pb
co
nc
en
tr
at
io
ns
8,
4,
75
an
d
22
0
ti
me
s,
re
sp
ec
ti
—
Ve
ly
,
th
e
me
di
an
le
ve
ls
of
di
ss
ol
ve
d
el
em
en
ts
fo
un
d
in
th
is
wo
rk
.
Co
nc
en
tr
at
io
ns
of
th
es
e
el
em
en
ts
in
th
e
tw
o
mo
re
co
nc
en
-
tr
at
io
n
so
lu
ti
on
s
we
re
in
fa
ct
su
ff
ic
ie
nt
ly
hi
gh
to
pe
rm
it
de
te
rm
in
at
io
n
by
di
re
ct
as
pi
ra
ti
on
/F
AA
S.
In
ad
di
ti
on
,t
he
se
th
re
e
so
lu
ti
on
s
ar
e
no
t
na
tu
ra
l
wa
te
r
sa
mp
le
s
bu
t
pu
re
so
lu
—
ti
on
s
of
tr
ac
e
el
em
en
ts
in
ac
id
if
ie
d
di
st
il
le
d
wa
te
r.
Me
as
ur
e-
me
nt
s
th
us
ma
de
on
th
es
e
re
fe
re
nc
e
so
lu
ti
on
s,
al
th
ou
gh
pr
ov
id
in
g
so
me
es
ti
ma
te
of
me
th
od
ac
cu
ra
cy
,
do
no
t
fu
ll
y
in
di
ca
te
th
e
pe
rf
or
ma
nc
e
of
th
e
me
th
od
ol
og
y
in
re
sp
ec
t
of
na
tu
ra
l
wa
te
rs
.
No
bo
na
fi
de
ce
rt
if
ie
d
na
tu
ra
l
wa
te
r
re
fe
re
nc
e
sa
mp
le
s
we
re
av
ai
la
bl
e
to
us
.
Re
co
ve
ry
st
ud
ie
s
co
nd
uc
te
d
in
th
is
la
bo
ra
—
to
ry
co
ve
re
d
a
ra
ng
e
of
ad
de
d
co
nc
en
tr
at
io
ns
,
en
co
mp
aS
Si
ng
fo
r
Cu
,
Z
n
a
n
d
Pb
,
n
o
r
m
a
l
l
e
v
e
l
s
p
r
e
s
e
n
t
in
n
a
t
ur
a
l
wa
t
e
r
s
.
A
t
o
t
a
l
o
f
s
e
v
e
n
b
l
i
n
d
r
e
p
l
i
c
a
t
e
s
a
m
p
l
e
s
(
i
t
e
m
3)
o
f
u
n
-
f
i
l
t
e
r
e
d
a
n
d
f
i
l
t
e
r
e
d
n
a
t
u
r
a
l
a
n
d
p
r
e
s
u
m
a
b
l
y
d
i
s
t
i
l
l
e
d
w
a
t
e
r
we
re
c
o
l
l
e
c
t
e
d
an
d
p
r
ep
a
re
d
by
sa
mp
li
ng
pe
rs
on
ne
l
an
d
fo
rw
ar
—
de
d
to
th
e
au
th
or
's
la
bo
ra
to
ry
(a
s
re
qu
es
te
d
by
PE
UA
RG
).
A
n
a
l
y
s
e
s
b
y
E
v
a
p
/
F
A
A
S
g
a
v
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
l
i
s
t
e
d
i
n
T
a
b
l
e
2
0
.
D
a
t
a
r
e
p
o
r
t
e
d
r
e
f
l
e
c
t
d
i
s
s
o
l
v
e
d
+
a
c
i
d
e
x
t
r
a
c
t
a
b
l
e
t
r
a
c
e
e
l
e
m
e
n
t
l
e
v
e
l
s
o
n
l
y
,
w
h
i
c
h
w
o
u
l
d
,
h
o
w
e
v
e
r
,
b
e
v
e
r
y
c
l
o
s
e
to
t
o
t
a
l
l
e
v
e
l
s
f
o
r
t
h
e
s
e
s
a
m
p
l
e
s
w
h
i
c
h
,
b
y
i
n
s
p
e
c
t
i
o
n
,
d
l
d
n
o
t
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 app
ear
to
hav
e
ap
pr
ec
ia
bl
e
sus
pe
nd
ed
sed
ime
nt
lev
els
.
The
dat
a
are
als
o
unc
or
re
ct
ed
for
fi
lt
ra
ti
on
co
nt
am
in
at
io
n
whi
ch,
a
pr
io
ri
was
im
po
ss
ib
le
as
it
was
un
kn
ow
n
wh
ic
h
sam
ple
s
had
bee
n
fil
ter
ed.
The
pur
po
se
of
thi
s
was
to
pr
ovi
de
an
add
i—
tio
nal
mea
sur
e o
f s
amp
lin
g/a
nal
ysi
s
pre
cis
ion
;
unf
ort
una
tel
y,
onl
y o
ne
set
of
bli
nd
rep
lic
ate
s w
ere
pro
ces
sed
dur
ing
the
cou
rse
of
thi
s s
tud
y,
and
upo
n c
omp
let
ion
of
ana
lys
es,
the
ide
nti
tie
s o
f t
hes
e
sam
ple
s w
ere
una
vai
lab
e
fro
m t
he
sam
pli
ng
laboratory.
This laboratory participated in two trace metals round
rob
ins
spo
nso
red
by
PLU
ARG
.
Fou
r s
amp
les
, t
wo
aci
d—e
xtr
act
ed
sed
ime
nt,
one
tra
ce
met
al
ref
ere
nce
sol
uti
on,
and
one
bla
nk,
all preserved with HNOg, were included in each round robin.
Levels of Cu, Zn, Cd and Pb in the six non—blank samples were
stated by the initiating laboratory to be in the ranges 80-
1000, 360-1300, 30—250 and 200—1000 ug/L respectively. Com-
pared to median levels of dissolved Cu, Zn, Cd and Pb reported
in this project, these concentrations are 40—500, 120-430,
430—3570, and 2000—10000 times higher respectively. The
levels were in fact sufficiently high to permit direct FAAS
analysis without preconcentration; also, the HNOg concentra-
tion of 10% (lOOx the concentration expected in preserved
natural water samples) was too high to permit application of
our heat concentration procedure. Hence, although our FAAS
method performed well in these tests, the fact that the sam—
ples did not approximate natural waters again precludes
estimation of performance in respect of natural waters.
The importance of procedures covered by items 2, 4 and
9 is obvious. Duplicate collections and analyses permitted
computation of precision and increased the precision of
means. Reagent blanks were averaged over many analysesbefore
subtraction from sample data to increase precision. Items
1, 8, 11 and 12 are discussed.in subsequent sections. In
the absence of certified natural water reference samples, the
most important quality assurance step (12) was the generation
of analytical informationby independently different methodo-
logies.
INTERCOMPARISON OF DATA OBTAINED BY DIFFERENT METHODOLOGIES
The primary objective of independent analyses of water
subsamples, by the three cooperating laboratories using dif—
ferent analytical procedures was to arrive at improved esti—
mates of trace metal concentrations. Performance characteris-
tics of the methods used and intercomparison.of results are
presented in this section. In the following discussion, this
author is responsible for management and interpretation of
collaborative data provided. The methodologies cannot be
-82..
 s
e
r
i
o
us
l
y
compared
as
the
study
was
not
designed
with
this
in
mind.
All
discussion
is
in
respect
of
the
role
of
the
d
i
f
f
e
r
e
n
t
methods
in
increasing
overall
data
reliability;
any
discussion
of
method
intercomparison
is
incidental
and
infor-
mational.
Detection
limits
of
the
five
analytical
methods
presented
in
Table
21,
were
either
provided
by
the
investigators
or
were
estimated
by
this
author
from
data
supplied
as
indicated
in
footnotes
to
the
Table.
Different
definitions
of
detec-
tion
limit
were
used,
and
no
attempt
was
made
to
bring
all
to
a
common
basis;
the
data
presented
should,
however,
fairly
well
demonstrate
the
comparative
detectivities.
Flame
AAS
methods,
preceded
by
concentration
had
the
highest
(poorest)
detection
limits
followed
at
some
distance
by
the
electrother-
mal
atomization
AAS
and
electrochemical
techniques
both
of
which
generally
exhibited
substantially
lower
detection
limits.
Whereas
flame
spectrometry—based
procedures
could
measure
natural
levels
of
Cu
and
Zn,
and
occasionally Cd
and
Pb,
electrothermal
and
electrochemical
methods
are
clearly
superior.
Dr. Stoeppler reported impressive detection limits by DPASV/
MFE of 0.0001
and 0.0002 ug/L for Cd and Pb respectively in
standard solutions.
Method precisions are detailed in Table 22. These were
provided by the cooperating laboratories or calculated by this
author from duplicate analytical data or detection limits
reported. Standard errors, ts//H, for 95% confidence limits
are reported for Dr. Berman's method, whereas standard devia—
tions are associated with the remaining methods; standard
deviations (or errors) used to calculate precision of data
presented in this report are indicated. An overview of the
performance of the five methods with EPA trace metal solutions
is depicted in Figure 23. The five different symbols refer
to the five analytical methods but are not identified as data
from three laboratories are based on only one subsample of each
of the three EPA solutions prepared by this author. Moreover,
it would be unfair to make strict comparisons among the methods
as these reference solutions were analyzed on a "routine" basis
by three of the laboratories, but more exhaustively by the ori-
ginating laboratory. With several exceptions, overall agree—
ment with EPA-reported values is reasonable.
Intercomparisons of data from the different methods,
for unfiltered and filtered natural and distilled water sub-
samples are presented in Figures 24—28. Dissolved or dissol—
Ved + extractable levels (refer to later discuSSion) are
Pl
ot
te
d
ag
ai
ns
t
lev
els
det
erm
ine
d
by
Eva
p/F
AAS
or
CRA
/AA
S
and
are related to lines of unit slope to gauge relative perfore
mance of the different methods under the conditions of this
-83-
 
 s
t
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d
y
.
A
l
l
d
i
s
c
u
s
s
i
o
n
o
f
c
o
m
p
a
r
a
b
i
l
i
t
y
m
u
s
t
b
e
t
r
e
a
t
e
d
i
n
r
e
l
a
t
i
o
n
t
o
c
o
n
s
i
d
e
r
a
t
i
o
n
s
o
f
(i
)
p
o
s
s
i
b
l
e
s
u
b
s
a
m
p
l
i
n
g
i
n
c
o
n
-
s
i
s
t
e
n
c
i
e
s
a
n
d
s
u
b
s
a
m
p
l
e
s
t
a
b
i
l
i
t
y
a
n
d
(
i
i
)
t
h
e
f
a
c
t
t
h
a
t
d
i
f
f
e
r
e
n
t
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
s
m
a
y
b
e
m
e
a
s
u
r
i
n
g
d
i
f
f
e
r
e
n
t
p
a
r
a
—
m
e
t
e
r
s
.
T
h
e
f
o
r
m
e
r
q
u
e
s
t
i
o
n
is
t
o
u
c
h
e
d
u
p
o
n
l
a
t
e
r
.
T
h
e
s
e
—
c
o
n
d
r
e
l
a
t
e
s
t
o
t
h
e
t
h
e
o
r
e
t
i
c
a
l
l
y
d
i
f
f
e
r
e
n
t
t
r
a
c
e
e
l
e
m
e
n
t
s
p
e
c
i
e
s
a
m
e
n
a
b
l
e
u
n
d
e
t
e
c
t
i
o
n
d
u
e
to
t
h
e
n
a
t
u
r
e
o
f
t
h
e
s
a
m
p
l
e
,
s
a
m
p
l
e
p
r
e
t
r
e
a
t
m
e
n
t
a
n
d
m
e
a
s
u
r
e
m
e
n
t
t
e
c
h
n
i
q
u
e
.
T
h
e
E
v
a
p
/
F
A
A
S
p
r
o
c
e
d
u
r
e
i
n
v
o
l
v
e
s
h
o
t
(
c
o
n
c
e
n
t
r
a
t
e
d
,
3
1.
6
M
H
N
0
3
)
a
c
i
d
le
ac
hi
ng
d
ur
i
n
g
th
e
e
va
p
o
r
a
t
i
o
n
st
ep
,
th
e
e
l
e
c
t
r
o
t
h
e
r
m
a
l
te
ch
ni
qu
es
(H
GA
an
d
CR
A)
m
e
a
s
ur
e
d
to
ta
l
tr
ac
e
el
em
en
ts
in
th
e
su
pe
rn
at
an
t,
l
e
a
c
h
e
d
—o
ut
by
th
e
0.
01
6
M
p
r
e
s
e
r
vi
n
g
ac
id
,
th
e
e
l
e
c
t
r
o
c
h
e
m
i
c
a
l
m
e
t
h
o
d
s
r
e
s
p
o
n
d
e
d
to
fr
ee
m
e
t
a
l
s
in
th
e
sa
me
su
pe
rn
at
an
t,
wh
e
r
e
a
s
so
lv
en
t
e
xt
r
a
c
t
i
o
n
re
li
es
on
th
e
ex
tr
ac
—
ti
on
,
Vi
a
ch
el
at
io
n,
of
me
ta
ls
fr
om
s
us
p
e
n
d
e
d
an
d
d
i
s
s
o
l
ve
d
wa
te
r
co
mp
on
en
ts
.
No
"g
ro
ss
"
di
ff
er
en
ce
s
we
re
ob
se
rv
ed
am
on
g
da
ta
ge
ne
ra
te
d
by
th
e
fi
ve
me
th
od
s
an
d
it
wa
s
no
t
th
e
in
te
nt
of
th
is
st
ud
y
to
d
e
l
i
n
e
a
t
e
fi
ne
de
ta
il
s
in
th
is
re
ga
rd
.
Al
l
da
ta
th
us
ge
ne
ra
te
d
ha
ve
be
en
co
ll
ec
ti
ve
ly
de
si
gn
at
ed
as
di
ss
ol
ve
d
+
ac
id
-
or
so
lv
en
t—
ex
tr
ac
ta
bl
e,
an
d
av
er
ag
ed
;
ad
di
—
ti
on
of
tr
ac
e
el
em
en
t
le
ve
ls
me
as
ur
ed
in
su
sp
en
de
d
se
di
me
nt
s
an
d
re
si
du
es
ga
ve
to
ta
l
co
nc
en
tr
at
io
ns
in
th
e
wa
te
r
sa
mp
le
s.
In
re
sp
ec
t
of
an
al
ys
es
fo
r
Cu
(F
ig
ur
e
24
),
ge
ne
ra
ll
y
go
od
ag
re
em
en
t
wa
s
ob
se
rv
ed
am
on
g
th
e
fi
ve
me
th
od
s.
In
re
la
-
ti
on
to
th
e
Ev
ap
/F
AA
S
me
th
od
,
th
e
HG
A/
AA
S
me
th
od
sh
ow
ed
a
po
si
ti
ve
bi
as
an
d
DP
AS
Vﬂ
ﬂﬂ
DE
or
DP
AS
V/
MF
E
ex
hi
bi
te
d
a
ne
ga
ti
ve
bi
as
fo
r
al
l
sa
mp
le
s
an
d
ov
er
th
e
en
ti
re
co
nc
en
tr
at
io
n
ra
ng
e.
Th
e
CR
A/
AA
S
te
ch
ni
qu
e
se
em
ed
to
ha
ve
a
ne
ga
ti
ve
bi
as
wi
th
di
st
il
le
d
wa
te
r
bu
t
a
po
si
ti
ve
bi
as
wi
th
na
tu
ra
l
wa
te
r
sa
mp
le
s,
wh
er
ea
s
da
ta
fr
om
th
e
so
lv
.
ex
t.
/F
AA
S
me
th
od
fo
r
di
st
il
le
d
an
d
na
tu
ra
l
wa
te
r
sa
mp
le
s
fe
ll
cl
os
e
to
th
e
un
it
sl
op
e
li
ne
at
th
e
hi
gh
er
co
nc
en
tr
at
io
ns
bu
t
ex
hi
bi
te
d
a
po
si
ti
ve
bi
as
at lower concentrations.
Th
re
e
la
bo
ra
to
ri
es
de
te
rm
in
ed
Zn
;
va
lu
es
fr
om
on
e
la
bo
-
ra
to
ry
se
em
ed
hi
gh
an
d
we
re
om
it
te
d
fr
om
co
ns
id
er
at
io
n
le
av
—
in
g
da
ta
fr
om
tw
o
la
bo
ra
to
ri
es
fo
r
co
mp
ar
is
on
(F
ig
ur
e
25
).
Th
e
gr
ap
h
of
CR
A/
AA
S-
ve
rs
us
Ev
ap
/F
AA
S—
ge
ne
ra
te
d
da
ta
is
ch
ar
ac
te
ri
ze
d
by
hi
gh
ly
sc
at
te
re
d
po
in
ts
;
as
id
e
fr
om
as
ce
r-
ta
in
in
g
th
at
da
ta
fr
om
th
e
tw
o
me
th
od
s
ar
e
in
th
e
sa
me
ba
ll
—
pa
rk
,
li
tt
le
ca
n
be
sa
id
re
ga
rd
in
g
in
te
rl
ab
or
at
or
y
bi
as
.
Contamination by Zn seems ubiquitous.
Fo
r
Cd
,
th
e
tw
o
el
ec
tr
ot
he
rm
al
at
om
iz
at
io
n/
AA
S
an
d
el
ec
-
tr
oc
he
mi
ca
l
te
ch
ni
qu
es
we
re
su
ff
ic
ie
nt
ly
de
te
ct
iv
e
to
me
as
ur
e
th
is
el
em
en
t.
Co
ns
id
er
in
g
th
e
su
b
pa
rt
pe
r
bi
ll
io
n
le
ve
ls
of
Cd,
and
the
wi
de
ly
di
ver
ge
nt
na
tur
e
of
an
al
yti
ca
l
me
th
od
ol
o-
gie
s
emp
loy
ed,
ag
re
em
en
t
is
ex
ce
ll
en
t
(Fi
gur
e
26)
.
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 With reference to Pb in the higher concentration regions
depicted in Figure 27, the few data available for unfiltered
natural and distilled water suggest excellent agreement among
the DPASV/HMDE or MFE, Evap/FAAS and CRA/AAS methodologies,
whereas results from HGA/AAS analyses exhibited a positive
bias compared to the CRA/AAS procedure. At low Pb concentra-
tions, results on unfiltered natural waters obtained by
DPASV/HMDE or MFE, HGA/AAS and Evap/FAAS are clearly larger
than those resulting from application of the CRA/AAS method
(Fig. 28). Agreement for distilled water samples, however,
seems superior, but only meagre data exists. With respect to
CRA/AAS, the divergence of the other three methods is similar.
As sample treatment (15 hr evaporation) was an integral opera-
tion in the Evap/FAAS method, the positive bias might easily
be explained. That very similar biases occur for methods
without sample processing is surprising.
An attempt was made to correlate performance of the
met
hod
s w
ith
nat
ura
l a
nd
dis
til
led
wat
er
sam
ple
s d
isc
uss
ed
her
e,
wit
h p
erf
orm
anc
e w
ith
EPA
sol
uti
ons
rep
ort
ed
ear
lie
r.
No
co
ns
is
te
nt
cor
rel
ati
ons
of
met
hod
bia
s
wer
e
obs
erv
abl
e.
DI
ST
IL
LE
D
an
d
DE
IO
NI
ZE
D
WA
TE
R
FI
LT
RA
TI
ON
CO
NT
RO
LS
,
an
d
LA
BO
RA
-
TORY FILTRATION STUDIES
Co
nc
en
tr
at
io
ns
of
Cu
,
Zn
,
Cd
an
d
Pb
in
fi
el
d-
an
d
la
bo
-
ra
to
ry
—p
ro
ce
ss
ed
,
un
fi
lt
er
ed
an
d
fi
lt
er
ed
di
st
il
le
d
an
d
de
io
ni
ze
d
wa
te
r
co
nt
ro
l
sa
mp
le
s,
to
ge
th
er
wi
th
co
rr
ec
ti
on
s
fo
r
fi
lt
ra
ti
on
pr
oc
ed
ur
e
co
nt
am
in
at
io
n
ar
e
su
mm
ar
iz
ed
in
Ta
bl
e
23
,
an
d
pr
es
en
te
d
mo
re
co
mp
re
he
ns
iv
el
y
in
Ta
bl
e
24
.
Th
es
e
da
ta
ar
e
pr
es
en
te
d
wi
th
as
so
ci
at
ed
st
an
da
rd
de
vi
at
io
ns
ra
th
er
th
an
st
an
da
rd
er
ro
rs
,
to
in
di
ca
te
th
e
sp
re
ad
of
va
lu
es
wi
th
in
th
e
di
ff
er
en
t
po
pu
la
ti
on
s
of
sa
mp
le
s;
fo
ot
no
te
s
to
Ta
bl
e
24
gi
ve
sp
ec
if
ic
ex
pe
ri
me
nt
al
de
ta
il
s.
St
an
da
rd
de
vi
a-
ti
on
s
re
po
rt
ed
in
th
es
e
Ta
bl
es
ha
ve
th
us
be
en
co
mp
ut
ed
fr
om
th
e
d
a
t
a
p
o
p
ul
a
t
i
o
n
s
in
qu
es
ti
on
an
d
ha
ve
no
t
be
en
ba
se
d
on
st
an
da
rd
de
vi
at
io
ns
re
po
rt
ed
in
Ta
bl
e
14
.
Co
mp
ar
ed
to
le
ve
ls
of
Cu
an
d
Zn
in
de
io
ni
ze
d
wa
te
r
pr
od
uc
ed
in
th
e
au
th
or
's
la
bo
ra
to
ry
,
fi
el
d—
pr
oc
es
se
d
un
fi
lt
er
ed
di
st
il
le
d
wa
te
r
fr
om
th
e
Gu
el
ph
fa
ci
li
ti
es
co
nt
ai
ne
d
hi
gh
er
le
ve
ls
.
Va
ri
ab
il
it
y
am
on
g
d
i
f
f
e
r
e
n
t
sa
mp
le
s
wa
s
al
so
ve
ry
la
rg
e
(f
or
ex
am
pl
e,
4.
2i
4
-
0
u
q
/
L
,
m
e
a
n
i
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
,
f
o
r
C
u
i
n
t
h
e
G
u
e
l
p
h
W
a
t
e
r
v
s
.
0
.
l
4
i
0
.
2
3
u
g
/
L
f
o
r
o
u
r
d
e
i
o
n
i
z
e
d
w
a
t
e
r
)
.
L
e
v
e
l
s
o
f
t
h
e
s
e
e
l
e
m
e
n
t
s
in
t
h
e
G
u
e
l
p
h
d
i
s
t
i
l
l
e
d
w
a
t
e
r
we
r
e
,
h
o
we
ve
r
,
s
u
b
s
t
a
n
t
i
a
l
l
y
l
o
w
e
r
t
h
a
n
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
t
e
n
t
s
in
th
e
O
t
t
a
w
a
l
a
b
o
r
a
t
o
r
y
d
i
S
t
i
l
l
e
d
w
a
t
e
r
(4
.2
vs
.
50
ug
C
u
/
L
fo
r
e
xa
m
p
l
e
)
.
T
h
e
l
a
t
t
e
r
d
i
s
t
i
l
l
e
d
w
a
t
e
r
i
n
i
t
i
a
l
l
y
c
a
u
s
e
d
s
o
m
e
p
r
o
b
l
e
m
s
i
n
r
e
s
p
e
c
t
o
f
t
r
a
c
e
a
n
a
l
y
s
i
s
u
n
t
i
l
w
e
s
w
i
t
c
h
e
d
t
o
u
S
i
n
g
d
e
i
o
n
i
z
e
d
wa
te
r
e
xc
l
us
i
ve
l
y
to
me
et
ou
r
cr
it
ic
al
re
qu
ir
em
en
ts
.
It
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
t
h
e
v
a
l
u
e
s
r
e
p
o
r
t
e
d
f
o
r
d
e
i
o
n
i
z
e
d
w
a
t
e
r
-85-
IiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
  
r
e
p
r
e
s
e
n
t
l
e
v
e
l
s
a
c
t
u
a
l
l
y
p
r
e
s
e
n
t
i
n
d
e
i
o
n
i
z
e
d
w
a
t
e
r
a
t
t
h
e
s
o
u
r
c
e
,
p
l
u
s
c
o
n
t
r
i
b
u
t
i
o
n
s
f
r
o
m
r
e
a
g
e
n
t
s
,
p
r
o
c
e
s
s
i
n
g
p
r
o
c
e
—
d
u
r
e
e
t
c
.
;
t
h
e
y
r
e
p
r
e
s
e
n
t
u
p
p
e
r
l
i
m
i
t
s
a
n
d
a
r
e
i
n
f
a
c
t
b
l
a
n
k
s
u
s
e
d
f
o
r
c
o
r
r
e
c
t
i
o
n
s
f
o
r
t
h
e
a
n
a
l
y
t
i
c
a
l
p
r
o
c
e
d
u
r
e
.
L
e
v
e
l
s
r
e
p
o
r
t
e
d
f
o
r
o
t
h
e
r
s
a
m
p
l
e
s
h
a
v
e
b
e
e
n
c
o
r
r
e
c
t
e
d
b
y
t
h
e
s
e
o
r
a
n
a
l
o
g
o
u
s
r
e
a
g
e
n
t
b
l
a
n
k
s
.
F
i
e
l
d
—
f
i
l
t
r
a
t
i
o
n
o
f
d
i
s
t
i
l
l
e
d
w
a
t
e
r
s
a
m
p
l
e
s
r
a
i
s
e
d
t
r
a
c
e
e
l
e
m
e
n
t
l
e
v
e
l
s
,
S
o
m
e
t
i
m
e
s
s
u
b
s
t
a
n
t
i
a
l
l
y
(
e
g
.
Z
n
4
.
2
i
3
.
2
i
n
f
i
l
t
e
r
e
d
v
s
.
0
.
9
i
0
.
7
u
g
/
L
i
n
u
n
f
i
l
t
e
r
e
d
w
a
t
e
r
)
,
a
n
d
i
n
c
r
e
a
s
e
d
t
h
e
v
a
r
i
a
b
i
l
i
t
y
.
D
i
f
f
e
r
e
n
c
e
s
b
e
t
w
e
e
n
p
a
i
r
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
u
n
f
i
l
t
e
r
e
d
a
n
d
f
i
l
t
e
r
e
d
w
a
t
e
r
s
a
m
p
l
e
s
g
a
v
e
f
i
l
t
r
a
t
i
o
n
p
r
o
—
c
e
d
u
r
e
c
o
r
r
e
c
t
i
o
n
f
a
c
t
o
r
s
.
O
u
t
l
y
i
n
g
v
a
l
u
e
s
s
u
g
g
e
s
t
i
v
e
o
f
s
p
u
r
i
o
u
s
h
i
g
h
c
o
n
t
a
m
i
n
a
t
i
o
n
w
e
r
e
r
e
j
e
c
t
e
d
t
o
y
i
e
l
d
s
e
l
e
c
t
e
d
c
o
r
r
e
c
t
i
o
n
f
a
c
t
o
r
s
.
T
h
e
s
e
p
r
o
v
e
d
v
e
r
y
u
s
e
f
u
l
i
n
c
o
r
r
e
c
t
i
n
g
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
d
a
t
a
f
o
r
f
i
e
l
d
—
f
i
l
t
e
r
e
d
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
,
t
h
e
a
s
s
u
m
p
t
i
o
n
b
e
i
n
g
t
h
a
t
f
i
l
t
e
r
e
d
n
a
t
u
r
a
l
w
a
t
e
r
s
s
u
f
f
e
r
e
d
c
o
n
t
a
m
i
n
a
t
i
o
n
i
d
e
n
t
i
c
a
l
t
o
t
h
e
c
o
n
t
r
o
l
s
.
U
n
f
o
r
t
u
n
a
t
e
l
y
,
c
o
r
r
e
c
t
i
o
n
s
f
o
r
f
i
e
l
d
-
f
i
l
t
e
r
i
n
g
(
m
e
a
n
i
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
o
f
l
.
3
i
l
.
6
,
3
.
2
:
2
.
3
,
0
.
0
3
:
0
.
0
5
,
a
n
d
O
.
3
i
0
.
2
u
g
/
L
f
o
r
C
u
,
Z
n
,
C
d
a
n
d
P
b
r
e
s
p
e
c
t
i
v
e
l
y
)
w
e
r
e
l
a
r
g
e
r
c
o
m
p
a
r
e
d
t
o
d
i
s
s
o
l
v
e
d
t
r
a
c
e
e
l
e
m
e
n
t
l
e
v
e
l
s
e
s
t
i
m
a
t
e
d
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
,
r
e
s
u
l
t
i
n
g
i
n
l
a
r
g
e
u
n
c
e
r
t
a
i
n
t
i
e
s
.
I
t
w
a
s
d
e
c
i
d
e
d
t
h
a
t
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
r
a
t
h
e
r
t
h
a
n
s
t
a
n
d
a
r
d
e
r
r
o
r
o
f
t
h
e
m
e
a
n
c
o
r
r
e
c
t
i
o
n
t
e
r
m
w
a
s
t
h
e
m
o
r
e
a
p
p
r
o
p
r
i
a
t
e
e
r
r
o
r
t
e
r
m
t
o
u
s
e
i
n
c
a
l
c
u
l
a
t
i
o
n
o
f
e
r
r
o
r
s
i
n
t
h
e
c
o
r
r
e
c
t
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
T
h
e
p
o
s
s
i
b
i
l
i
t
y
t
h
a
t
t
r
a
c
e
e
l
e
m
e
n
t
s
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
m
a
y
b
e
a
d
s
o
r
b
e
d
o
n
t
o
f
i
l
t
e
r
s
(
D
a
v
i
e
s
,
1
9
7
6
;
M
a
r
v
i
n
e
t
a
l
.
,
1
9
7
0
)
m
u
s
t
,
h
o
w
e
v
e
r
,
a
l
s
o
b
e
c
o
n
s
i
d
e
r
e
d
,
a
n
d
i
s
d
i
s
c
u
s
s
e
d
below.
A
s
a
f
o
l
l
o
w
—
u
p
t
o
t
h
e
l
a
r
g
e
c
o
n
t
a
m
i
n
a
t
i
o
n
s
o
b
s
e
r
v
e
d
d
u
—
r
i
n
g
f
i
e
l
d
p
r
o
c
e
s
s
i
n
g
,
a
n
d
t
o
f
u
r
t
h
e
r
a
s
s
e
s
s
t
h
e
r
o
l
e
o
f
t
h
e
f
i
l
t
e
r
m
a
t
e
r
i
a
l
in
c
o
n
t
a
m
i
n
a
t
i
o
n
,
a
s
u
p
p
l
y
o
f
S
a
r
t
o
r
i
u
s
c
e
l
l
u
l
o
s
e
a
c
e
t
a
t
e
f
i
l
t
e
r
s
o
f
t
h
e
t
y
p
e
u
s
e
d
in
f
i
e
l
d
p
r
e
p
a
r
a
-
t
i
o
n
w
a
s
o
b
t
a
i
n
e
d
f
r
o
m
s
a
m
p
l
i
n
g
p
e
r
s
o
n
n
e
l
.
T
h
e
s
e
,
t
o
g
e
t
h
e
r
w
i
t
h
t
h
e
0.
4
pm
,
47
m
m
d
i
a
m
e
t
e
r
N
u
c
l
e
p
o
r
e
f
i
l
t
e
r
s
u
s
e
d
in
t
h
e
C
B
R
I
l
a
b
o
r
a
t
o
r
y
,
a
n
d
a
n
o
t
h
e
r
c
o
m
m
o
n
f
i
l
t
e
r
t
y
p
e
m
a
n
u
f
a
c
-
t
u
r
e
d
b
y
M
i
l
l
i
p
o
r
e
C
o
r
p
.
(
0
.
4
5
p
m
,
47
m
m
d
i
a
m
e
t
e
r
,
c
e
l
l
u
l
o
s
e
ac
et
at
e/
ni
tr
at
e,
ty
pe
HA
)
we
re
te
st
ed
by
th
e
au
th
or
as
po
ss
i—
bl
e
so
ur
ce
s
of
tr
ac
e
m
e
t
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
.
B
o
t
h
a
c
i
d
-
c
l
e
a
n
e
d
an
d
n
o
t
-
c
l
e
a
n
e
d
fi
lt
er
s
a
s
s
e
m
b
l
e
d
in
cl
ea
n
S
a
r
t
o
r
i
us
fi
lt
er
ho
ld
er
s
we
r
e
t
e
s
t
e
d
in
d
up
l
i
c
a
t
e
as
fo
ll
ow
s.
E
a
c
h
of
th
e
12
fi
lt
er
s
wa
s
s
e
p
a
r
a
t
e
l
y
a
s
s
e
m
b
l
e
d
in
to
th
e
f
i
l
t
e
r
h
o
l
d
e
r
an
d
ri
ns
ed
wi
th
25
0
ml
of
de
io
ni
ze
d
wa
te
r.
Th
is
wa
s
fo
ll
ow
ed
by
co
ns
ec
ut
iv
el
y
fi
lt
er
in
g
tw
o
50
0
ml
po
rt
io
ns
of
de
io
ni
ze
d
wa
te
r
wh
ic
h
we
re
tr
an
sf
er
re
d
to
po
ly
et
hy
le
ne
bo
tt
le
s
an
d
ac
id
if
ie
d
wi
th
0.
5
ml
co
nc
.
HN
O3
/5
00
ml
.A
to
ta
l
of
24
50
0
ml
fi
lt
ra
te
s
re
su
lt
ed
.
Th
re
e
1
L
LP
E
bo
tt
le
s
of
de
io
ni
ze
d
wa
te
r,
a
c
i
d
i
f
i
e
d
w
i
t
h
1
m
l
c
o
n
c
.
H
N
O
a
/
L
,
w
e
r
e
s
e
t
a
s
i
d
e
a
s
c
o
n
t
r
o
l
s
.
_86_.
4
—
4
—
_
_
_
4
 All solutions were analyzed for Cu, Zn, Cd and Pb by Evap/FAAS;
results are presented in Table 25. As trace element levels
in the filtrates seemed to vary neither with filter type nor
filter cleaning, concentrations were averaged over all condi—
tions, and means, (22—24 samples from 11—12 filters) with
rejection of three high values (out of 96 analyses) of 18.36
and 0.80 ug/L (original filtrate basis) for Zn, and 16.2 ug/L
for Pb, are listed in the Table. Results for filtered deion-
ized water as well as for the unfiltered deionized water con—
trol samples were all below the limits of detection, indicating
undectable contamination from the filters. Mean values for
trace element levels in deionized water filtrates through all
filters, were taken as upper limits of corrections for the
laboratory—filtration procedure, and were applied to natural
water samples filtered through Nuclepore filters. These cor—
rections (Table 23), especially for Cu and Zn of 0.0:0.2 and
0.17i0.l2 ug/L (mean i standard deviation) respectively, are
substantially lower than the corresponding ones of l.3:l.6
and
3.2
i2.
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tive methods is necessary. At first glance! this may be.C°ns—
tr
ue
d
as
an
i
n
d
i
c
a
t
i
o
n
of
ad
so
rp
ti
on
.
Cu
an
d
Zn
le
ve
ls
in
fi
lt
ra
te
s
r
e
s
ul
t
i
n
g
fr
om
fi
rs
t
an
d
se
co
nd
fi
lt
ra
ti
on
s,
ho
we
ve
r,
a
r
e
i
d
e
n
t
i
c
a
l
,
s
u
g
g
e
s
t
i
n
g
t
h
a
t
t
h
e
d
e
c
r
e
a
s
e
b
e
t
w
e
e
n
u
n
f
i
l
t
e
r
e
d
an
d
fi
lt
er
ed
wa
te
r
ma
y
re
su
lt
fr
om
re
te
nt
io
n
by
th
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p
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p
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c
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p
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c
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c
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c
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c
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p
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i
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p
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c
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p
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p
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b
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b
u
g
/
L
l
e
v
e
l
s
,
t
h
e
p
u
r
i
t
y
o
f
a
c
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p
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c
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c
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i
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p
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c
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d
e
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e
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c
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c
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-88—
 Actual analyses of one lot each of HN03 and HCl used in
the field, were conducted for the four trace elements. Samples
of acids were dispensed by sampling personnel according the
usual method employed for sample preservation, into defined
volumes of deionized water in LPE bottles provided by the
author, and were shipped to the CBRI laboratory for analysis
by Evap/FAAS. Deionized water from this laboratory, rather
than distilled water from Guelph facilities was used to pre—
vent masking of acid trace element levels by contamination in
the latter. Possible contributions of these acids, via their
use as preservatives, to Cu, Zn, Cd and Pb contents of natural
waters, were estimated to be 0.09, 0.005, 0.016 and - ug/L
respectively for HN03, and 0.14, 0.08, 0 and 0.13 ug/L respec-
tively for HCl. Because analyses wereonly by Evap/FAAS
(insufficiently detective for Cd and Pb) and only meagre infor-
mation was gathered, no corrections for preserving acid conta—
mination were applied.
SAMPLE SOLUTION STABILITY
It was requested of collaborators that upon completion
of analysis of water samples, any solutions remaining be
returned, in the original containers, to the author's labo—
ratory for reanalysis. Comparison of this information with
analyses conducted by the author on his subsamples was expected
to be a check on sample stability. Subsamples were received
from two collaborators, and a number, especially those for
which Zn concentrations measured by the collaborators differed
from values obtained by the author on his subsamples, were
reanalyzed. Zn was chosendue to its high levels and analy-
tical detectivity, facilitating its determination in the small
volumes returned. The two sets of analyses for the three types
of samples are summarized in Table 27. In the sample codes
u88
d,
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— A
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agr
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ltu
ral
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ers
hed
num
ber
, U
and
F denote unfiltered or filtered respectively, A — D refer to
the first—fourth replicate field sampling, and the last six
dig
its
ref
er
to
dat
e
(da
y/m
ont
h/y
ear
)
of
sam
pli
ng.
Dis
til
led
water control Samples are denoted by codes including DW (AG1—
AGl3), indicating the watersheds where they were processed.
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pp
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E
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yn
or
).
An
al
ys
es
of
th
e
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re
by
Ev
ap
/F
AA
S,
whe
rea
s
due
to
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.
Reference to the data, plotted in Figure 29, indicates a
fai
rly
goo
d
co
rr
es
po
nd
en
ce
of
res
ult
s
for
the
two
sam
ple
set
s;
th
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se
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.
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c
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c
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.
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p
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c
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p
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b
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p
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b
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c
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p
l
i
n
g
v
a
r
i
a
b
i
l
i
t
y
.
M
o
r
e
o
v
e
r
,
n
o
c
h
e
c
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p
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c
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c
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R
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b
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i
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c
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p
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p
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c
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c
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p
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c
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c
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h
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i
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p
l
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l
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c
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at
io
ns
.
Ol
iv
er
(1
97
3)
an
d
B
r
a
d
s
h
a
w
a
t
E
l
(1
97
4)
re
fe
r
to
th
e
us
e
f
ul
n
e
s
s
fo
r
ma
ny
pu
rp
os
es
of
su
ch
di
ss
ol
ve
d
+
ex
tr
ac
ta
bl
e
co
nc
en
tr
at
io
ns
,
in
re
sp
ec
t
of
tr
ac
e
el
em
en
ts
in
se
di
me
nt
s,
bu
t
m
e
n
t
i
o
n
th
e
va
ri
ab
le
ef
fi
ci
en
ci
es
of
pa
rt
ia
l
ex
tr
ac
ti
on
te
ch
ni
qu
es
de
pe
nd
in
g
on
th
e
na
tu
re
of
th
e
sa
mp
le
.
As
d
i
s
c
us
s
e
d
pr
ev
io
us
ly
,
th
e
ap
pl
ic
at
io
n
to
na
tu
ra
l
wa
te
r
sa
mp
le
s
of
th
e
fi
ve
an
al
yt
ic
al
me
th
od
ol
og
ie
s,
yi
el
de
d
me
as
ur
es
of
di
ss
ol
ve
d
+
ac
id
-
or
so
lv
en
t—
ex
tr
ac
ta
bl
e
tr
ac
e
el
em
en
t
co
nc
en
tr
at
io
ns
.
As
su
mi
ng
co
mp
ar
ab
il
it
y
of
th
e
da
ta
,
va
lu
es
fr
om
al
l
me
th
od
s,
we
re
po
ol
ed
an
d
av
er
ag
ed
ov
er
su
bs
am
pl
es
an
d
me
th
od
ol
og
ie
s
to
pr
ov
id
e
me
an
va
lu
es
li
st
ed
in
Ta
bl
e
28
.
Gr
ap
hs
of
th
e
ra
ti
o:
co
nc
en
tr
at
io
n
of
di
ss
ol
ve
d
+
ex
tr
ac
-
ta
bl
e
tr
ac
e
el
em
en
t/
to
ta
l
co
nc
en
tr
at
io
n
of
tr
ac
e
el
em
en
t,
ve
rs
us
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
n,
pr
es
en
te
d
in
Fi
gu
re
30
,
de
mo
ns
tr
at
e
so
me
in
te
re
st
in
g
re
la
ti
on
sh
ip
s.
Cu
rv
es
we
re
dr
aw
n
ex
cl
ud
in
g
co
ns
id
er
at
io
n
of
th
e
19
00
0
mg
/L
po
in
t.
Co
ns
i—
de
ri
ng
th
e
0-
74
0
mg
/L
su
sp
en
de
d
se
di
me
nt
ra
ng
e,
th
e
ra
ti
o
ra
ng
es
fr
om
93
0.
7
to
1.
0
de
pe
nd
in
g
on
el
em
en
t
an
d
se
di
me
nt
co
nc
en
tr
at
io
n,
in
di
ca
ti
ng
in
co
mp
le
te
ex
tr
ac
ti
On
of
tr
ac
e
el
em
en
t
un
de
r
so
me
sa
mp
le
/e
le
me
nt
co
nd
it
io
ns
.
In
sp
it
e
of
th
e
ra
th
er
la
rg
e
er
ro
rs
re
su
lt
in
g
fr
om
pr
Op
ag
at
io
n
of
er
ro
r,
so
me
tr
en
ds
ma
y
be
vi
su
al
iz
ed
.
Fo
r
Cu
an
d
Zn,
ra
ti
os
of
0.
86
an
d
0.
79
re
sp
ec
ti
ve
ly
,
at
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
gr
ea
te
r
th
an
10
0
mg
/L
,
ap
pr
oa
ch
ed
1.
0
as
se
di
me
nt
le
ve
ls
ap
pr
oa
ch
ed
0.
Ra
ti
os
fo
r
Cd
an
d
Pb
ap
pe
ar
ed
in
va
ri
ab
le
wi
th
se
di
me
nt
le
ve
l
an
d
av
er
ag
ed
0.
97
an
d
0.
72
re
sp
ec
ti
ve
ly
,
bu
t
th
e
ve
ry
la
rg
e
er
ro
rs
as
so
ci
at
ed
wi
th
th
es
e
da
ta
pr
ec
lu
de
fi
rm
co
nc
lu
si
on
s.
The
sam
ple
co
nt
ai
ni
ng
a
sus
pe
nd
ed
se
di
me
nt
lev
el
of
190
00
mg/
L,
sh
ow
ed
ra
ti
os
ra
ng
in
g
fr
om
0.
46
to
0.
85
,
in
ge
ne
ra
l
lo
we
r
th
an
-90-
1!—4é
sa
m
p
l
e
s
i
n
t
h
e
0
-
7
4
0
m
g
/
L
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
r
a
n
g
e
.
F
o
r
C
u
a
n
d
Z
n
,
d
i
m
i
n
i
s
h
e
d
r
a
t
i
o
s
o
f
0
.
5
2
a
n
d
0
.
4
6
w
e
r
e
o
b
s
e
r
v
e
d
f
o
r
t
h
e
s
a
m
p
l
e
w
i
t
h
s
e
d
i
m
e
n
t
l
e
v
e
l
o
f
1
9
0
0
0
m
g
/
L
,
w
h
e
r
e
a
s
C
d
a
n
d
P
b
e
x
h
i
b
i
t
e
d
r
a
t
i
o
s
o
f
0
.
8
5
a
n
d
0
.
7
0
r
e
s
p
e
c
t
i
v
e
l
y
,
f
a
i
r
l
y
u
n
c
h
a
n
g
e
d
f
r
o
m
t
h
e
v
a
l
u
e
s
a
t
t
h
e
0
-
7
4
0
m
g
/
L
r
e
g
i
o
n
.
T
h
i
s
a
g
a
i
n
i
l
l
u
s
t
r
a
t
e
s
t
h
e
e
f
f
e
c
t
o
f
h
i
g
h
s
e
d
i
m
e
n
t
l
e
v
e
l
s
i
n
r
e
d
u
c
i
n
g
e
x
t
r
a
c
t
a
b
l
e
l
e
v
e
l
s
.
T
h
u
s
o
v
e
r
a
l
l
,
w
e
f
i
n
d
m
e
t
h
o
d
o
-
l
o
g
y
n
o
t
i
n
v
o
l
v
i
n
g
c
o
m
p
l
e
t
e
d
e
s
t
r
u
c
t
i
o
n
o
f
p
a
r
t
i
c
u
l
a
t
e
m
a
t
e
r
i
a
l
,
g
i
v
i
n
g
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
r
e
g
i
o
n
0
.
5
—
1
.
0
o
f
t
o
t
a
l
l
e
v
e
l
s
,
d
e
p
e
n
d
i
n
g
o
n
t
h
e
e
l
e
m
e
n
t
i
n
q
u
e
s
t
i
o
n
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
i
n
t
h
e
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
.
T
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
C
u
,
Z
n
,
C
d
a
n
d
P
b
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
a
r
r
i
v
e
d
a
t
i
n
t
w
o
d
i
s
t
i
n
c
t
l
y
d
i
f
f
e
r
e
n
t
w
a
y
s
,
v
i
z
(i)
s
u
m
m
a
t
i
o
n
o
f
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
b
t
a
i
n
e
d
b
y
a
n
a
l
y
s
i
s
o
f
u
n
f
i
l
t
e
r
e
d
s
a
m
p
l
e
s
a
n
d
c
o
n
t
r
i
b
u
t
i
o
n
s
o
f
r
e
s
i
d
u
e
s
,
a
n
d
(ii)
s
u
m
m
a
t
i
o
n
o
f
d
i
s
s
o
l
v
e
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
f
i
l
t
e
r
e
d
w
a
t
e
r
s
a
m
p
l
e
s
a
n
d
c
o
n
t
r
i
b
u
t
i
o
n
s
o
f
s
u
s
p
e
n
d
e
d
s
e
d
i
—
m
e
n
t
s
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
in
u
n
f
i
l
t
e
r
e
d
and
f
i
l
t
e
r
e
d
w
a
t
e
r
s
a
m
p
l
e
s
r
e
f
e
r
t
o
m
e
a
n
d
i
s
s
o
l
v
e
d
+
a
c
i
d
-
or
s
o
l
v
e
n
t
—
e
x
t
r
a
c
t
a
b
l
e
,
a
n
d
d
i
s
s
o
l
v
e
d
l
e
v
e
l
s
r
e
s
p
e
c
t
i
v
e
l
y
,
o
b
t
a
i
n
e
d
b
y
the
five
a
n
a
-
lytical
methods,
listed
in
Tables
28
and
7
respectively;
c
o
n
t
r
i
b
ut
i
o
n
s
of
residues
and
suspended
sediments,
based
on
chemical
analyses
by
acid
digestion/flame
spectrometry
and
solid
levels
in
the
water
samples,
are
listed
in
Tables
48
and
6
respectively.
Total
concentrations
thus
obtained,
together
with
selected
data
are
tabulated
in
Appendix
II
(Tables
41—44).
Usual
propagation
of
error
formulas
were
used
to
compute
standard
errors;
the
abundance
of
>
signs
in
Tables
41-44
signifies
at
least
one
missing
datum
in
each
summation,
precluding
calculation
of
error.
Total
concentra—
tions
calculated
by
(i)
should
agree
with
corresponding
data
obtained
by
(ii).
A
comparison
of
the
6-11
complete
pairs
of
data
is
made
in
Figure
37
where
(ii)
is
plotted
versus
(1).
Considering
the
nature
of
trace
analysis,
agreement
between
the
two
is
reasonably
good.
There
does
appear,
however,
to
be
a negative
bias
of
(ii)
in
relation
to
(i)
for
all
four
elements.
Whether
this
results
from
adsorption
of
the
trace
elements onto the membrane filters or other factors is unknown;
meagre information is available to differentiate the behaViour
Of the compositionally and structurally different Sartorious
and Nuclepore
filters.
Pursuit of these phenomena would be
fruitful
in
relation
to
this
kind
of
trace
analySis.
CRITIQUE OF EXPERIMENTAL WORK and POINTS to CONSIDER in
F
U
T
U
R
E
I
N
V
E
S
T
I
G
A
T
I
O
N
S
The importance of accurate information and proposals for
future research along the lines pursued in this investigation
have been presented in the conclusions. Listed here are pOintsl
covering critique of this work together With experimental detai s
 
  
to
be
c
o
n
s
i
d
e
r
e
d
fo
r
i
n
c
o
r
p
o
r
a
t
i
o
n
in
to
fu
tu
re
st
ud
ie
s.
(1
)
Th
e
sa
mp
li
ng
of
na
tu
ra
l
wa
te
rs
wi
th
lo
w
su
sp
en
de
d
se
di
me
nt
le
ve
ls
pr
ov
ed
ve
ry
in
st
ru
ct
iv
e
as
it
wa
s
in
th
es
e
re
gi
on
s
th
at
tr
an
si
ti
on
s
in
tr
an
sp
or
t
me
ch
an
is
m
an
d
se
di
me
nt
ph
ys
ic
al
an
d
ch
em
ic
al
pr
op
er
ti
es
we
re
ob
se
rv
ab
le
.
Mo
re
su
ch
sa
mp
le
s
fr
om
lo
w
an
d
no
rm
al
fl
ow
st
re
am
s
ar
e
re
qu
ir
ed
,
es
pe
ci
al
ly
th
os
e
wi
th
su
sp
en
de
d
se
di
me
nt
le
ve
l
in
th
e
0—
30
0
mg
/L
ra
ng
e,
to
fu
rt
he
r
de
li
ne
at
e
ph
en
om
en
a
in
th
is
tr
an
si
ti
on
re
gi
on
.
Th
er
e
is
al
so
,
ho
we
ve
r,
a
ne
ed
fo
r
mo
re
ev
en
t
an
d
ru
no
ff
sa
mp
le
s
to
co
mp
le
me
nt
th
e
st
ud
y
an
d
to
as
se
ss
th
e
tr
ac
e
el
em
en
t
si
tu
at
io
n
un
de
r
co
nd
it
io
ns
re
sp
on
si
bl
e
fo
r
mo
st
of
th
e
an
nu
al
tr
an
sp
or
t
of
tr
ac
e
el
em
en
t
ou
t
of
th
e
wa
te
rs
he
d,
an
d
to
st
ud
y
eq
ui
li
br
ia
of
tr
ac
e
el
em
en
ts
be
tw
ee
n
di
ss
ol
ve
d
an
d
pa
rt
ic
ul
at
e
ph
as
es
.
Sa
mp
le
s
co
nt
ai
ni
ng
th
e
ra
ng
e
of
su
s—
pe
nd
ed
se
di
me
nt
s
wi
ll
pr
ov
id
e
re
pr
es
en
ta
ti
ve
sa
mp
le
s
an
d
wi
ll
pe
rm
it
ch
ar
ac
te
ri
za
ti
on
of
th
e
st
re
am
in
re
sp
ec
t
of
se
di
me
nt
an
d
tr
ac
e
el
em
en
t
pa
ra
me
te
rs
.
(2)
Re
pl
ic
at
e
sa
mp
li
ng
an
d
re
pl
ic
at
e
pr
ep
ar
at
io
n
of
un
fi
lt
er
ed
an
d
fi
lt
er
ed
wa
te
rs
is
pe
rt
in
en
t
to
as
se
ss
me
nt
of
va
ri
ab
il
it
y
of
th
e
sa
mp
li
ng
/f
ie
ld
pr
oc
es
si
ng
pr
oc
ed
ur
es
,
an
d
th
e
co
ll
ec
ti
on
an
d
pr
ep
ar
at
io
n
of
du
pl
ic
at
e-
qu
ad
ru
pl
ic
at
e
sa
mp
le
s
sh
ou
ld
be
co
nt
in
ue
d.
Se
ve
ra
l
mo
re
se
ts
of
bl
in
d
re
pl
ic
at
es
sh
ou
ld
al
so
be
pr
ov
id
ed
th
ro
ug
ho
ut
th
e
st
ud
y
pe
ri
od
to
fu
rt
he
r
as
se
ss
sampling/analysis variability.
(3)
In
co
rp
or
at
io
n
of
fi
el
d—
pr
oc
es
se
d
un
fi
lt
er
ed
an
d
fi
lt
er
ed
di
st
il
le
d
wa
te
r
co
nt
ro
l
sa
mp
le
s
pr
ov
ed
in
va
lu
ab
le
in
co
rr
ec
ti
ng
fi
lt
er
ed
na
tu
ra
l
wa
te
rs
fo
r
co
nt
am
in
at
io
n
by
th
e
fi
lt
ra
ti
on
pr
oc
ed
ur
e,
to
ar
ri
ve
at
es
ti
ma
te
s
of
di
ss
ol
ve
d
tr
ac
e
el
em
en
t
le
ve
ls
.
Un
fo
rt
un
at
el
y,
co
rr
ec
ti
on
fa
ct
or
s
we
re
ra
th
er
la
rg
e
an
d
va
ri
ab
le
an
d
an
im
po
rt
an
t
so
ur
ce
of
er
ro
r.
Th
at
fi
lt
ra
ti
on
-
co
nt
am
in
at
io
n
ca
n
be
su
bs
ta
nt
ia
ll
y
re
du
ce
d
(a
t
le
as
t
un
de
r
la
bo
ra
to
ry
co
nd
it
io
ns
)
wa
s
de
mo
ns
tr
at
ed
by
fi
lt
ra
ti
on
ex
pe
ri
—
me
nt
s
in
th
e
au
th
or
's
la
bo
ra
to
ry
us
in
g
fi
lt
er
s
an
d
eq
ui
pm
en
t
id
en
ti
ca
l
to
th
os
e
us
ed
in
th
e
fi
el
d.
Wh
et
he
r
th
e
co
nt
am
in
at
io
n
pr
ob
le
m
is
sp
ec
if
ic
to
th
e
fi
el
d,
or
th
e
re
su
lt
of
ot
he
r
fa
ct
or
s
mu
st
be
as
ce
rt
ai
ne
d
to
de
te
rm
in
e
wh
et
he
r
fi
el
d—
fi
lt
ra
ti
on
or
la
bo
ra
to
ry
-f
il
tr
at
io
n
be
sp
ec
if
ie
d
fo
r
fu
tu
re
st
ud
ie
s.
Fi
lt
ra
ti
on
mu
st
,
ho
we
ve
r,
be
ca
rr
ie
d
ou
t
as
so
on
as
po
ss
ib
le
af
te
r
sa
mp
le
col
lec
tio
n.
Re
du
ce
d
co
rr
ec
ti
on
fac
tor
s
in
cr
ea
se
pr
ec
is
io
n
su
bs
ta
nt
ia
ll
y.
Di
st
il
le
d
wa
te
r
ut
il
iz
ed
fo
r
co
nt
ro
l
of
fi
el
d
pro
ces
sin
g c
ont
ain
ed
hig
h a
nd
var
iab
le
qua
nti
tie
s o
f t
rac
e
ele
men
ts
of
int
ere
st.
Wat
er
eit
her
mul
tip
ly
dis
til
led
or
dei
oni
zed
,
of
muc
h b
ett
er
qua
lit
y m
ust
be
use
d i
n t
he
sam
pli
ng
pro
toc
ol.
Dei
oni
zed
wat
er
pre
par
ed
in
the
aut
hor
's
lab
ora
tor
y
had
ver
y l
ow
tra
ce
ele
men
t l
eve
ls
and
tha
t t
ype
of
wat
er
is
sup
eri
or
for
thi
s a
nd
all
oth
er
pha
ses
of
the
wor
k.
Pre
ssu
re-
rat
her
tha
n v
acu
um—
fil
tra
tio
n s
hou
ld
be
con
sid
ere
d t
o r
edu
ce
evaporation losses. '
-92-
(4)
P
r
e
s
e
r
v
a
t
i
o
n
o
f
n
a
t
u
r
a
l
a
n
d
d
i
s
t
i
l
l
e
d
w
a
t
e
r
s
a
m
p
l
e
s
w
i
t
h
b
o
t
h
H
N
O
3
a
n
d
H
C
l
s
e
p
a
r
a
t
e
l
y
s
h
o
u
l
d
b
e
c
o
n
t
i
n
u
e
d
;
t
h
e
l
a
t
t
e
r
i
s
t
h
e
p
r
e
f
e
r
r
e
d
a
c
i
d
m
a
t
r
i
x
f
o
r
e
l
e
c
t
r
o
c
h
e
m
i
c
a
l
m
e
a
s
u
r
e
m
e
n
t
s
.
U
s
e
o
f
v
o
l
u
m
e
s
g
r
e
a
t
e
r
t
h
a
n
1
m
l
/
L
s
h
o
u
l
d
b
e
c
o
n
s
i
d
e
r
e
d
,
e
s
p
e
c
i
a
l
l
y
f
o
r
s
a
m
p
l
e
s
w
i
t
h
h
i
g
h
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
l
o
a
d
s
(
e
.
g
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
,
1
9
7
1
)
,
t
o
m
a
i
n
t
a
i
n
l
o
w
p
H
a
n
d
e
n
s
u
r
e
s
o
l
u
t
i
o
n
s
t
a
b
i
l
i
t
y
.
T
h
e
v
e
r
y
l
o
w
n
a
t
u
r
a
l
c
o
n
t
e
n
t
s
o
f
t
r
a
c
e
e
l
e
m
e
n
t
s
i
n
w
a
t
e
r
s
s
u
g
g
e
s
t
s
t
h
e
u
s
e
o
f
h
i
g
h
p
u
r
i
t
y
a
c
i
d
s
t
h
r
o
u
g
h
o
u
t
.
T
r
a
c
e
e
l
e
m
e
n
t
l
e
ve
l
s
in
the
a
c
i
d
s
m
u
s
t
b
e
m
o
n
i
t
o
r
e
d
t
o
k
e
e
p
t
r
a
c
k
of
c
o
n
t
a
m
i
n
a
t
i
o
n
vi
a
d
i
s
p
e
n
s
i
n
g
a
n
d
h
a
n
d
l
i
n
g
both
in
the
field
and
laboratory7uto
provide
estimates
of
a
p
p
r
o
p
r
i
a
t
e
corrections
for
contamination.
(5)
Nuclepore
filters
were
found
to
be
superior
to
Sartorius
filters
and
their
use
for
field
and
laboratory
filtration
should
be
continued
and
advocated.
With
careful
filtration
of
known
volumes
of
water,
suspended
sediment
concentrations
can
be
determined
by
weighing
the
dry
filters
and
contents,
with
pre—
cision
and
accuracy
superior
to
those
realized,
as
demonstrated
in
this
laboratory.
Good
estimates
of
suspended
sediment
levels
are
essential.
Many
of
the
missing
data
for
total
concentrations
(cf
Tables
41—44)
result
from
difficulties
in
analyzing
solids
due
to
small
quantities
available
and
difficulty
in
their
removal
from
filters
used
in
the
field.
Analyses
of
sediments
and
residues
are
integral
to
estimation
of
total
trace
element
concentrations;
use
of
Nuclepore
filters permits
analyses
of
filter
—
free
solids,
avoiding
the
question
of
contamination
by
the filter matrix.
(6)
Contamination of deionized water filtrates passing through
three different types of membrane filters, under laboratory
conditions,
proved below the limits of detection of the Evap/FAAS
method and minor for Cu and Zn.
Exactly how serious contamina-
tion is for Cd and Pb in relation to the very low levels in
natural waters, must be ascertained by the application of more
detective analytical techniques. Although no serious adsorption
of trace elements in natural waters by Nuclepore filters, seemed
to occur for Cu, Zn perhaps exhibits a problem; data in Figure
31 hint at a possible problem. Again, little can concretely.
be said concerning Cd and Pb. More tests of filtration of dis—
tilled and natural waters must be performed, solutions and
filters must be carefully analyzed for total, adsorbed and
leached trace elements, and mass balance studies must be under—
taken to get a grasp of the magnitude of the problem.
(7) Stability of natural water solutions from time of collec-
tion/preparation to analysis, and storage vessel suitability
in respect of adsorption and contamination must be known to
Per
mit
tra
nsl
ati
on
of
ana
lyt
ica
l i
nfo
rma
tio
n t
o t
he
stre
am.
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(8) Successful application of the Evap/FAAS method for waters
and the acid digestion/FAAS method to solids therefrom, suggests
that application of these methods be continued to determination
of Cu, Zn and high levels of Cd and Pb in fresh natural waters.
Stability of flame spectrometry suggests incorporation of more
samples per calibration curve to increase throughput. Con—
tinuation of frequent determination of appropriate reagent
blanks, use of mean blanks in computations, and continued runs
with standard solution and synthetic natural water quality control
samples is indicated. It would be advantageous to use high
purity salts for preparation of synthetic natural water solutions,
to get exact measures of measurement system bias. Use of
computerized regression calculation would be an asset. Correc—
tion of non-atomic absorption was demonstrated to be imperative,
and simultaneous correction should be applied to solutions con—
taining low trace element concentrations and high salt matrices.
Causes of the large reagent blank biases for Pb and suspected
small biases for Cd should be sought and rectified; alignments
of hollow cathode lamps should be considered. Detection capa—
bility of the FAAS methods should be increased by improvement
in concentration and atomization, and reasons for deviation of
data for some USGS samples should be sought. Resort to diges—
tion of solids in teflon bombs followed by determination by
electrothermal atomization/AAS should make very small (less
than 1 mg) quantities of solids amenable to analysis (cf
Eggimann and Betzer, 1976). Application of more detective
methodologies would cut down on sample volume requirements and
make easier the task of sampling.
(9) As the collaboration in the project of other laboratories
bringing to bear on the task, independently different analytical
methodologies, constituted a very important factor towards the
generation of reliable data, this practice should be continued.
Performance of these methods in the analyses of EPA and/or
similar reference samples should be monitored throughout the
study. Subsamples should be circulated among the laboratories
to provide a check on laboratory performance with real samples,
subsampling and sample stability. Reference natural water
samples should be sought and incorporated into analysis protocols.
Screening of interlaboratory data by a more systematic procedure
in light of performance with circulated subsamplesand reference
solutions, should reduce errors in overall means.
The following literature references are pertinent to some
of the points discussed: Smith, 1973 a, b; King et a1, 1974;
Issaq & Zielinski, 1974; Struempler, 1973; Rattonetti, 1976;
Harrison et a1, 1976; Segar and Berberian, 1975; Riley, 1965;
Robertson, 1968, 1972, 1976; Nﬁrnberg et a1, 1976; Davies, 1976.
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Table
13
Analytical
Precision
and
Detection
Limits
of
Flame
Atomic
Absorption
Spectrometrya
Concn.
range
Standard
deviation,
ug/L
(degrees
of
freedom)
pg/L
Cu
Zn
Cd
Pb
0—20 1.46 (171)
20—100
1.98
(96)
100-500
8.37
(102)
3.71
(84)
5.36
(82)
500-1000
15.0
(153)
5.29
(99)
6.08
(67)
0—100
7.39
(208)
2.78
(308)
O—lOOO
17.3
(456)
Detection
limit,
pg/L
(degrees
of
freedom)
21.8
(91)
4.38
(171)
8.04
(232)
51.8
(456)
 
aMI laboratory.
Standard deviations were calculated from duplicate
determinations on unfiltered and filtered natural, synthetic natural
and deionized water samples and related solutions on 42 different days
over a 9 month period, with each result in the pair based on a diffe—
rent calibration curve.
Other experimental conditions are as described
in the text.
These precisions and detection limits refer solely to
the FAAS determination step and do not include variances from sample
treatment and other sources, and reflect the performance of the
determination step during the course of the PLUARG project.
bDetection limits are based on 3x standard deviations of low level
(0-20 Ug/L for Cu, Zn, Cd; 0—1000 pg/Lfor Pb) samples.
Table 14 Analytical Precision of the Evaporation-Flame
Atomic Absorption Spectrometric Methoda
Element Typical Concentration Standard Degrees
concentration range in deviation of
factor original sample ug/L freedom
UQ/L
Cu 20 and 50 0—1 0.263b 58
1-5 0.313 24
5-25 0.324b 15
25-150 1.09 b 9
1-25 0.317 39
Zn 20 and 50 0—1 0.111: 54
1-5 0.179 26
5-25 0.300 23
25-250 0.359b 6
5-250 0.313 29
ca 20 0—5 0.120b 44
5—45 0.157b 10
50
0—1
0
0.0
38
41
Pin 20 and so o—4o 0.523b 109
aMI
lab
ora
tor
y.
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 Table
17
Performance
Characteristics
of Method
for'
Determining
Suspended
Sediment
and
Residue
Concentrations
in
Natural
Waters
and
Analyti—
cal Solutionsa
Concentration Standard Degrees Detection Limit
range deviation of (3x low level
mg/L mg/L freedom standard deviation)
mg/L
O—lO 0.67 17 2.0
10-120 1.9 13
120-500 9.1 7
aMI laboratory. Standard deviations were calculated from
duplicate determinations on identical and similar sub-
samples and therefore reflect uncertainties from both
the analytical procedure (filtration, drying, weighing)
and sub—sampling.
Table 18 Performance Characteristics of Acid Digestion —
Flame Atomic Absorption Spectrometry for Deter-
mining Total Trace Element Levels in Limited
Quantities of Suspended Sediments and Residues
Concentration Standard deviation, ug/g (degrees of freedom)b
range ug/g
Cu Zn Cd Pb
O—l 0.18(l9)
0—20 2.43(12)
0—
50
4.
36
(l
8)
0—105 7.4(9)
l—
6
l.
44
(6
)
20—100 3.87(ll)
105—300 20.7(25) C
De
te
ct
io
n
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t,
ug
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m)
7(
12
)
22
(9
)
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5(
9)
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(1
8)
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Table 20
Concentrations of Cu,
replicate samplesa
Sample
o
m
m
o
o
w
z
v
Cu
l.7i0.3
l.8:0.3
<0.8
2.7i0.2
0.9:0.2
<0.8
l.0:0.3
aSamples of unfiltered and
in duplicate by Evap/FAAS.
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devoid of suspended sediment.
uncorrected
 Table
2l.
Detection
limits
of
analytical
methods
Method
and
laboratory
Code
Detection
limit
ug/L
No
Cu
Zn
Cd
Pb
Evap/FAASa
(MI)
1
0.8
0.3
o.1,0.4b
1.6
HGA/AASC
(MS)
2A
—
—
—
-
HGA/AASd
(MS)
2B
0.5
-
0.01
0.2
DPASV/HMDEe
(MS)
3A
0.1
—
0.05
I
0.05
DPASV/MFEf
(MS)
38
0.05
—
0.001
0.005
CRA/AASg
(sss)
4
0.1
0.05
0.005
0.05
501. ext/FAASh (JDG)
5
0.5—1.6
0.3—1.1
0.5-1.1
2.1—5.1
a3X the standard deviations of low level (0-1 ug/L for Cu, Zn; 0-10 for Cd;
0-40 ug/L for Pb) samples based on standard deviations calculated from
duplicate analyses of unfiltered and filtered natural waters, reagent
blanks and other related solutions; 41-109 degrees of freedom for each
estimate.
bDetection limit for Cd depended on concentration factor; 0.4 ug/L for 20—
fold concentration, 0.1 ug/L for 50—fold concentration.
cPreliminary set of furnace—AAS data was generated by this method which was
not pushed to full capability; no detection limits were provided.
dDetection limits were provided by MS and are defined as 3X standard
deviation of analyses of real samples. Second set of furnace-AAS results
were obtained by this method.
eFirst set of electrochemical results was generated by thismethod;
detection limits are 3X standard deviation of analyses of real samples.
fSecond set of electrochemical data was obtained by this method. The
detection limits are 3X standard deviation of analyses of real samples;
MS reports that with standard solutions, detection limits are ug/L
(element): 0.002 (Cu), 0.0001 (Cd) and 0.0002 (Pb).
L
Q
Detection limits reported as 3X standard deviation of analytical blank
(the calculated intercept of the calibration curve). Converted to the
usual 2 or 3X standard deviation of replicate measurements, these values
would be lower by about a factor of 3. The practice of Dr. Berman is not
to report data below twice the detection limit i.e. 6X standard deViation
of blank as defined.
hDetection limits reported as 2X standard deviation of 10 or more blank
readings; values reported here reflect ranges of values reported by JDG.
 Element
Cu
Zn
Cd
Pb
Table 22.
Me
th
od
an
d
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ra
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ry
Co
de
HGA/AAS (MS)
II II H
II II II
DPASV/HMDE (MS)
DPASV/MFE (MS)
CRA/AAS (SSB)
Solv. ext/FAAS (JDG)
CRA/AAS (SSB)
Solv. ext/FAAS (JDG)
HGA/AAS (MS)
DPASV/HMDE (MS)
DPASV/MFE (MS)
CRA/AAS (SSB)
Solv. ext/FAAS (JDG)
HGA/AAS (MS)
DPASV/HMDE (MS)
DPASV/MFE (MS)
CRA/AAS (SSB)
Solv. ext/FAAS (JDG)
2A
28
3A
3B
2A
2B
3B
5
Concentration
range in
original solution
O-lO
10—45
low
low
low
0—25
40, 45
50—150
low
5-10
10—25
25-50
50-350
low
0—0.4
low
low
low
O-0.3
low
0-10
10—45
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low
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0-0.8
10—25
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a,b
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0.18
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ate
r
sam
ple
s
lis
ted
in this report.
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 T
a
b
l
e
23
C
o
n
c
e
n
t
r
a
t
i
o
n
s
of
Cu,
Zn,
f
i
l
t
r
a
t
i
o
n
p
r
o
c
e
d
u
r
e
c
o
n
t
a
m
i
n
a
t
i
o
n
a
Sample or
item
Field-processed
unfiltered distilled
water
Laboratory distilled
water (tap)
Laboratory distilled
water (CPE container)
Laboratory deionized
water
Correction for
field—filtration
Correction for
laboratory—filtration
79il
50.2i0.l
O.l4i0.23
I
'
C
d
a
n
d
P
b
i
n
d
i
s
t
i
l
l
e
d
a
n
d
d
e
i
o
n
i
z
e
d
w
a
t
e
r
c
o
n
t
r
o
l
s
a
m
p
l
e
s
a
n
d
c
o
r
r
e
c
t
i
o
n
s
f
o
r
0.14i0.l3
3.2:2.3
0.17:0.12
Cd
0.02:0.02
<0.4
<0.4
<0.024
0.03:0.05
0.02:0.04
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
i
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
,
u
g
/
L
b
Pb
l.lil.6
0.21i0.40
0.3iO.2
0.16:0.49
aRefer to Table 24 for details
bStandard deviations
calculated from replicates giving the means
reported;
data
for
laboratory
distilled
water
are
means
of
two
analyses.
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Table 24.
Sample or
itme
Cu
1
F
i
e
l
d
-
p
r
o
c
e
s
s
e
d
4
.
2
(
2
8
)
u
n
f
i
l
t
e
r
e
d
d
i
s
t
i
l
l
e
d
waterc
2
F
i
e
l
d
—
p
r
o
c
e
s
s
e
d
5
.
9
(
2
6
)
f
i
l
t
e
r
e
d
d
i
s
t
i
l
l
e
d
water
3
C
o
n
t
r
i
b
u
t
i
o
n
o
f
2
.
6
(
2
2
)
f
i
e
l
d
-
f
i
l
t
r
a
t
i
o
n
p
r
o
c
e
d
u
r
e
t
o
t
r
a
c
e
element level in
field-filtered
samplese
4
C
o
n
t
r
i
b
u
t
i
o
n
o
f
1
.
3
(
1
8
)
field-filtration
p
r
o
c
e
d
u
r
e
t
o
t
r
a
c
e
element level in
field—filtered
samples (selected
data)
5
L
a
b
o
r
a
t
o
r
y
r
e
a
g
e
n
t
O
.
l
4
(
3
7
)
b
l
a
n
k
s
u
s
i
n
g
d
e
i
o
n
i
z
e
d
water (cf 1)
6
L
a
b
o
r
a
t
o
r
y
f
i
l
t
e
r
e
d
<
0
.
1
5
(
2
4
)
3
deionized water
(cf 2)h
7
C
o
n
t
r
i
b
u
t
i
o
n
o
f
<
0
.
:
L
5
(
2
4
)
j
l
a
b
o
r
a
t
o
r
y-
f
i
l
t
r
a
t
i
o
n
procedure to trace
element levels in
laboratory filtered
samples (cf 4.)1
aD
at
a
s
ug
g
e
s
t
i
ve
of
s
p
ur
i
o
us
h
i
g
h
c
o
n
t
a
m
i
n
a
t
i
o
n
ha
ve
b
e
e
n
Va
lu
es
le
ss
th
an
de
te
ct
io
n
li
mi
ts
,
wh
er
e
av
ai
la
bl
e,
we
re
b
.
In
ca
se
s
wh
er
e
se
ve
ra
l
la
bo
ra
to
ri
es
an
al
yz
ed
th
e
sa
me
sa
mp
le
,
I
+
.23
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
C
u
,
Z
n
,
C
d
a
d
e
i
o
n
i
z
e
d
w
a
t
e
r
c
o
n
t
r
o
l
s
a
m
p
l
e
s
a
n
f
i
l
t
r
a
t
i
o
n
p
r
o
c
e
d
u
r
e
c
o
n
t
a
m
i
n
a
t
i
o
n
Zn
0.9(28)
4.2(24)
3.6(22)
3.2(21)
O.l4(36)
0.l7(22)
0.l7(22)
av
er
ag
ed
to
gi
ve
on
e
co
nc
en
tr
at
io
n
pe
r
sa
mp
le
.
cF
ie
ld
—p
ro
ce
ss
in
g
re
fe
rs
to
th
e
tr
an
sf
er
of
di
st
il
le
Gu
el
ph
fa
ci
li
ti
es
,
to
lL
sa
mp
le
co
nt
ai
ne
rs
.
d
In
ad
di
ti
on
to
st
ep
s
de
sc
ri
be
d
in
c,
th
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
(n
o.
o
f
s
a
m
p
l
e
s
b
)
1
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
,
Cd
P
b
0.7 0.02(5)
3.2 0.06(ll)
2.3 0.03(6)
2.3 0.03(6)
.13 <0.024(38)J
.12 0.02(24)
.12 0.02(24)
n
d
P
b
i
n
d
i
s
t
i
l
l
e
d
a
n
d
d corrections for
-detailed dataa.
Pb
I
+
0.02 1.1(5)
0.06 0.5(5)
0.05 0.3(6)
0.05 0.3(6)
O.21(36)
0.04 0.16(23)
0.04 0.16(23)
e
l
i
m
i
n
a
t
e
d
f
r
o
m
al
l
c
a
l
c
ul
a
t
i
o
n
s
.
u
s
e
d
in
c
a
l
c
u
l
a
t
i
o
n
s
fo
r
C
u
a
n
d
Zn
.
Sa
rt
or
iu
s
fi
lt
er
s
be
fo
re
tr
an
sf
er
in
to
sa
mp
le
co
nt
ai
ne
rs
.
6C
al
cu
la
te
d
fr
om
da
ta
pa
ir
ed
ac
co
rd
in
g
to
wa
te
rs
he
d.
f
.
.
Ou
tl
yi
ng
va
lu
es
fo
r
sa
mp
le
s
fr
om
ce
rt
ai
n
se
le
ct
ed
co
rr
ec
ti
on
s
ap
pl
ic
ab
le
to
na
tu
ra
af
or
em
en
ti
on
ed
wa
te
rs
he
ds
/c
ol
le
ct
io
n
ti
me
s.
gA
na
ly
ti
ca
l
pr
oc
ed
ur
e
(E
va
p/
FA
AS
)
re
ag
en
t
bl
an
ks
de
te
rm
in
ed
of
th
e
PL
UA
RG
pr
oj
ec
t,
co
ve
rt
ed
to
or
ig
in
al
sa
mp
le
ba
si
s.
th
e
tr
ac
e
el
em
en
ts
in
th
e
de
io
ni
ze
d
wa
te
r
pl
us
dure, contamination etc.
hE
xp
er
im
en
ta
l
re
su
lt
s
fr
om
MI
la
bo
ra
to
ry
h
re
nt
cl
ea
ne
d,
an
d
no
t
cl
ea
ne
d
Nu
cl
ep
or
e,
1B
as
ed
on
di
ff
er
en
ce
be
tw
ee
n
(S
)
an
d
(6
),
re
ag
en
t
bl
an
ks
(5
),
ha
ve
be
en
co
rr
ec
te
d
JM
ea
ns
we
re
ne
ga
ti
ve
;
va
lu
e
qu
ot
ed
is
th
e
de
te
watersheds and colle
1
wa
te
r
sa
mp
le
s
ot
he
r
th
an
th
os
e
co
rr
av
e
be
en
av
er
ag
ed
ov
er
22
—2
4
sa
mp
le
s
fr
Sa
rt
or
iu
s
an
d
Mi
ll
ip
or
e
fi
lt
er
s.
t
h
e
a
n
a
l
y
t
i
c
a
l
r
e
s
u
l
t
s
w
e
r
e
d
w
a
t
e
r
,
o
b
t
a
i
n
e
d
f
r
o
m
t
h
e
U
n
i
v
e
r
s
i
t
y
of
ug/L
H
0.40
0.49
0.49
e
d
i
s
t
i
l
l
e
d
w
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
f
i
l
t
e
r
e
d
t
h
r
o
u
g
h
0
.
4
5
um
c
t
i
o
n
t
i
m
e
s
w
e
r
e
e
x
c
l
u
d
e
d
t
o
g
i
v
e
esponding to the
in
MI
l
a
b
o
r
a
t
o
r
y
d
ur
i
n
g
th
e
c
o
ur
s
e
T
h
e
s
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
l
e
v
e
l
s
of
co
nt
ri
bu
ti
on
s
fr
om
re
ag
en
ts
,
p
r
o
c
e
s
s
i
n
g
p
r
o
c
e
-
ct
io
n
li
mi
t
de
fi
ne
d
he
re
as
3
é/
/E
.
~102—
 
o
m
1
1
-
1
2
d
i
f
f
e
—
t
a
k
i
n
g
5
=
0.
00
ug
/L
,
as
al
l
d
a
t
a
ex
ce
pt
,
of
c
o
ur
s
e
th
e
fo
r
ap
pr
op
ri
at
e
re
ag
en
t
bl
an
ks
.
 
 T
a
b
l
e
25
E
f
f
e
c
t
o
f
f
i
l
t
r
a
t
i
o
n
t
h
r
o
u
g
h
m
e
m
b
r
a
n
e
f
i
l
t
e
r
s
on
l
e
v
e
l
s
of
Cu,
Zn,
C
d
a
n
d
P
b
i
n
d
e
i
o
n
i
z
e
d
a
n
d
c
e
n
t
r
i
f
u
g
e
d
n
a
t
u
r
a
l
w
a
t
e
r
.
S
a
m
p
l
e
C
o
n
c
e
n
t
r
a
t
i
o
n
(no.
o
f
a
n
a
l
y
s
e
s
)
2
s
t
a
n
d
a
r
d
d
e
v
i
a
t
i
o
n
,
u
g
/
L
a
C
u
Z
n
C
d
P
b
F
i
l
t
e
r
e
d
d
e
i
o
n
i
z
e
d
-
0
.
0
3
(
2
4
)
i
0
.
2
4
O
.
l
7
(
2
2
)
i
0
.
1
2
0.02(24)10.04
0.16(23)10.49
water
Unfiltenaideionized
0.18(4)10.59
-0.03(4)t0.03
0.02(4):0.03
-0.05(4)i0.2l
water control
Natural
water,
c
4.7(2)IO.3
7.6(2):0.3
0.2(2):0.l
0.2(2)i0.5
first filtration
Natural
water
c
4.4(2):0.3
7.6(2)i0.3
O.l(2)t0.l
-O.l(2)tO.5
second filtration
Unfiltered
natural
5.3(2)10.3
10.2(2)i0.3
0.0(2)t0.l
0.4(2)i0.5
water
dNegative
results
and
values
below
detection
limits
have
been
included.
All
analyses
were
by
Evap/FAAS.
Standard
deviations
associated
with
the
deionized
water
samples
were
calculated
from
replicates
giving
the
means
reported;
standard
deviations
for
natural
water
data
are
from
Table
14.
bMeans
over
data
obtained
with
12
different
acid—cleaned
and
not
cleaned
0.4—0.45um
Nuclepore,
Sartorius
and Millipore membrane
filters
with
rejection
of
three
high
values
(out of
96
analyses)
of 18.36
and
0.80
ug/L for
Zn,
and
16.2
ug/L
for Pb;
50
fold
concentration
of all deionized
water
samples
prior to FAAS measurement.
CThese
samples were
filtered
through acid—cleaned 0.4 um Nuclepore filters.
As only duplicate analyses were conducted, no standard deviations were
calculated; standard deviations, listed previously, for entire PLUARG project
Of 0.32, 0.31, 0.12 and 0.52 ug/L for Cu, Zn, Cd and Pb repectively may be
associated with these data; 25-fold concentration of all natural water
samples
prior
to
FAAS
measurement.
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Tab
le
26
Imp
uri
ty
Lev
els
Spe
cif
ied
by
Ma
nuf
ac
tur
er
in
Nit
ric
Aci
d
fro
m
Var
iou
s
Sou
rce
s.
Co
mp
on
en
t
Ca
na
da
(1
Reag
ent
Ac
sa
No
nv
ol
at
il
e
2,
00
0
Al
As
5
Au
Cl
80
Cr
100
Cu
50
Fe
100
Ni
50
All
ied
BDH
BDH
Bak
er
Bak
er
Bak
er
Ch
em
ic
al
An
al
ar
Concentration ug/L (ppb)
Aris
tar
Reag
ent
Reag
ent
0168
)a
(450
04)a
(960
1)a
for
Hg.D
etn.
(9603)b
(4
80
1)
c
(6
26
)a
10,
000
5,0
00
4,0
00
2,0
00
2,0
00
5,0
00
5
5
10
5
10
l
l
10
<1
9
5
500
7
5
<1
500
200
100
80
50
500
5
<1
2
5
100
7
3
500
200
200
200
80
5
200
2
<10
100
<10
500
2
400
5
0.6
500
30
5
100
50
<1
200
l
10
2
P04
200
1,0
00
100
<40
504
800
2,
Zn
Hea
vy
met
als
(a
s
Pb
)
10
0
Co
st
(a
pp
ro
x.
)
$ p
er
500
m1.
230
50
30
000
500
1,0
00
200
300
1,0
00
500
<1
5
40
<1
200
80
200
3
8
4
5
50
3
(6
3)
a
1,000
l
100
1
0
100
10
G. F
rede
rick
Smit
h Ch
em.
Co.
Ult
rex
Rea
gen
t A
CS
Red
ist
ill
ed
Dou
ble
Di
st
il
le
d
fro
m
Vyc
or
(62
1)a
100
l
100
1
0
100
10
50
aMa
xim
um
limi
t of
impu
rity
;
bAct
ual
anal
ysis
of l
ot n
o.
cAct
ual
anal
ysis
of l
ot n
o.
the
num
ber
in
par
ent
hes
es
is
the
cat
alo
gue
num
ber
.
36
38
2.
UA
13
1.
 
  
T
a
b
l
e
2
7
S
t
a
b
i
l
i
t
y
a
n
d
s
u
b
s
a
m
p
l
i
n
g
v
a
r
i
a
b
i
l
i
t
y
o
f
d
i
s
t
i
l
l
e
d
a
n
d
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
i
n
r
e
s
p
e
c
t
o
f
Z
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
S
a
m
p
l
e
Z
n
c
o
n
c
e
n
t
r
a
t
i
o
n
i
s
t
a
n
d
a
r
d
e
r
r
o
r
,
c
o
d
e
s
/
/
n
,
u
g
/
L
d
e
t
e
r
m
i
n
e
d
b
y
E
v
a
p
/
F
A
A
S
o
r
d
i
r
e
c
t
F
A
A
S
a
A
n
a
l
y
s
i
s
o
f
A
n
a
l
y
s
i
s
o
f
s
u
b
-
a
u
t
h
o
r
'
s
s
u
b
-
s
a
m
p
l
e
a
f
t
e
r
r
e
t
u
r
n
s
a
m
p
l
e
f
r
o
m
c
o
l
l
a
b
o
r
a
t
o
r
b
U
n
f
i
l
t
e
r
e
d
natural
waters
1
:
A
G
l
U
A
2
9
0
3
7
6
1
6
.
8
0
.
3
1
6
.
1
0
.
3
A
G
1
U
5
2
9
0
3
7
6
1
6
.
4
0
.
3
1
3
.
9
0
.
3
A
G
l
U
A
2
6
0
7
7
6
1
4
.
2
0
.
3
1
0
.
0
C
1
.
0
A
G
l
U
A
0
5
1
1
7
6
5
.
6
0
.
3
5
.
3
c
1.0
A
G
3
U
A
0
5
0
4
7
6
3.1
0.2
3.3
0.2
A
G
3
U
B
0
5
0
4
7
6
3.0
0.2
3.2
0.2
A
G
4
U
A
O
7
1
0
7
6
7.4
0.3
8.9c
1.0
AG4UCO71076
7.3
0.3
14.7C
1.0
AGSUA150776
6.1
0.3
6.1:
1.0
AG5U8150776
7.0
0.3
10.7C
1.0
AGSUD150776
5.7
0.3
9.8C
1.0
AG13UA290376
12.8
0.3
11.6c
1.0
AG13UB041176
5.6
0.3
7.7
1.0
Filtered natural waters
AGlFA290376
11.0
0.3
30.2:
1.4
AG3FA190776
296
-
310C
3
AG3FB141076
3.3
0.2
5.0
1.0
AGSFB310376
3.2
0.2
3.3C
1.0
AGlOFA140776
5.4
0.3
6.4C
1.0
AG13FA270776
0
8
0.1
5.1'
1.0
D
i
s
t
i
l
l
e
d
wa
t
e
r
‘
DW(AG1)UB290376 1.0 0.2 0.9C 0.1
DW(AG1)FB290376
24.0
0.3
27.3
1.4
DW(AG4)UB260376
1.9
0.2
2.5
0-2
DW(AG4)FA260376
8.5
0.3
8.1
0-3
DW(AG4)FB260376
8.0
0.3
8.4
0.3
DW(AG5)UA310376
1.9
0.2
1.6
0-2
aConcentrations were not corrected for filtration pro-
cedure contamination.
bSubsamples E and F were analyzed upon receipt from
laboratories of two collaborators; time interval
between the two sets of analyses was Ea 3—8 months.
CDirect analysis of unconcentrated sample solution
(mean of duplicate analyses). The remainder of data
resulted from the Evap/FAAS procedure and each value
reflects one analysis.
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28.
Co
nc
en
tr
at
io
ns
of
dis
sol
Ved
+ a
cid
—
and
so
lve
nt
—ex
tr
ac
ta
bl
e
Cu,
Zn,
Cda
and
Pb
in
wat
ers
of
agr
icu
ltu
ral
wat
ers
hed
s 1
, 3
, 4
, 5
, 1
0
and 13
Wat
ers
hed
Mea
n
con
cen
tra
tio
n
1 s
tan
dar
d
err
or,
s//
n,
ug/
Lb
and
sampling date
Cu Zn Cd Pb
i i i i
Watershed AGl
290
376
13.
9
3.3
15.
8
4.9
0.1
9
0.0
0
1.7
0.7
2607
76
5.8
0.8
15.3
4.9
0.08
0.02
1.7
0.7
051
176
5.2
0.8
7.9
0.8
0.0
3
0.0
2
1.3
0.8
1303
77
27.8
7.1
228
9
1.75
0.04
29.4
8.5
Watershed AG3
0504
76
1.7
0.7
3.0
0.7
0.10
0.0
0.7
0.8
0806
76
2.3
0.8
3.4
0.9
0.01
0.03
0.2
0.9
1907
76
2.1
0.8
1.3
1.0
0.02
0.02
0.2
0.9
1410
76
2.1
0.7
4.2
1.0
0.07
0.02
0 9
0.8
Watershed AG4
2603
76
43.9
3.1
69.7
3.5
0.29
0.02
25.3
3.8
0106
76
5.2
0.8
2.0
0.7
0.01
0.02
0.4
1.0
120776 3.8 0.8 5.1 0.8 0.02 0.02 1.4 0.7
071076 2.2 0.7 10.5 3.5 0.12 0.02 1.2 0.7
Watershed AGS
310376 9.2 0.8 3.1 0.7 0.04 0.00 1.7 0.8
030676 2.8 0.8 6.1 0.8 0.03 0.02 0.3 0.9
150776 2.9 0.7 6.8 0.7 0.02 0.02 1.0 0.6
210776 3.4 0.8 10.6 3.4 0.06 0.02 1.8 0.7
250876 1.9 0.8 1.2~ 0.7 0.01 0.04 0.2 0.9
051076 2.0 0.7 0.9 0.7 0.02 0.02 0.2 0.9
250377—1 223 9 1160 11 11.4 0.06 305 10
250377-5 10.0 1.7 47.0 5.0 0.55 0.04 16.2 8.5
Watershed AGlO
300376 7.9 0.8 30.5 2.9 0.08 0.02 4.0 0.7
020676 3.4 0.8 16.6 3.6 0.04 0.02 2.1 0.7
140776 2.7 0.9 20.4 3.6 0.07 0.02 1.3 0.8
121076 3.4 0.7 18.1 2.9 0.07 0.02 2.1 0.7
Watershed AG13
290376 40.8 3.8 11.8 3.5 0.04 0.02 0.6 0.8
270776 2.8 0.8 2.7 0.7 0.03 0.02 0.9 0.7
041176 2.8 0.8 4.6 0.7 0.06 0.02 1.3 0.7
030377 36.4 7.1 121 9 3.66 0.04 39.1 8.5
a
These concentrations were determined on unfiltered water samples under
various conditions giving measures of dissolved-racid— or solvent—extractable
levels. They are neither dissolved nor total concentrations but intermediate
estimates. Refer to the text for discussion and to other tables for dissol-
ved, total and suspended sediment trace element concentrations.
Mean concentrations, i, reported here have been averaged over subsamples and
analytical methodologies. Refer to Table 35 and Appendix II for details.
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APPENDIX
II:
DETAILED
DATA
This
appendix
contains
the
body
of
data
pertaining
to
trace
element
Characteristics
of
the
agricultural
watersheds,
upon
which
rest
the
summary
information
and
conclusions
pre—
sented
in
the
main
part
of
this
report.
Although detailed,
the
information
is
not
quite
"raw"
experimental
data,
but
has
already been subjected to some processing
(averaging,
smoothing
of errors,
and rejection of obviously aberrant values);
it is,
however, sufficiently detailed to form a basis for calculation
of all information presented in this report.
The appendix
begins with a discussion of statistical treatments applied, and
ends with tables of detailed comparisons of results from this
study with those reported by other investigators of these water-
sheds and literature data for other "unpolluted" natural waters.
STATISTICAL ANALYSIS
 
A small number of obviously aberrant data was omitted by
inspection at the beginning of the task of data handling, and
is not reported. Data reported by all cooperating laboratories
were pooled over all field and laboratory subsamples for calcu—
lation of means and standard deviations. As far as possible,
individual results rather than laboratory means were used if
reported by the laboratories and additional few data were sub-
jectively rejected as suspected outliers based on inspection
and effects on standard deviations. Mean concentrations over
all subsamples and methods, X, and standard errors, s/Jn were
computed from the equations
X = Z ii/n (1)
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r
e
f
i
g
ur
e
s
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given
than
is
wa
r
r
a
n
t
e
d
by
precision
of
the
data;
these
d
a
t
a
were
used
in
calculations,
with
rounding—off
occurring
at
the
final
stages.
The
tables
are
fairly
well
self—explana—
tory,
and
only
minor
comments
follow.
Data
in
Tables
35
and
40,
mean
concentrations
in
unfiltered
and
filtered
waters,
respectively,
form
the
basis
for
calcula-
tion
of
total
and
dissolved
levels.
Calculations
may
be
exemplified
using
data
for
Cu
in
sample
AG1260776:
Dissolved
Cu(ug/L)
=
4.35
i
1.04
(Table
40)
-
1.3
i
1.6
(Table
23)
= 3.1 i 1.9 (Table 7).
Total
Cu(ug/L)
=
3.1
i
1.9(Table
7)
+
0.3
i
0.4(Table
6)
= 3.4 i l.9(Table 41).
Also,
total
Cu(Ug/L)
5.79
i 0.75(Table
35)
+ 0.34
i 0.08
(Table 48) = 6.13 i O.75(Table 41)
Standard errors reported in these Tables were computed from
S and S for populations of data from several laboratories
whether ghe mean concentration was for one or more laboratories.
Thus, the datum for Cd for AGlO 300376 (Table 40) is reported
as 0.600 i 0.039ug/L; this datum results from one method
(Evap/FAAS) and should be 0.60 i 0.12ug/L if reported on infor-
mation based on that method. The former value, however, was
used. At times, unreal standard errors of 0.000ug/L were
realized due to negative 8B2, and must be treated with caution.
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Element
Cd
Pb
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Concentration
range
4.40-6.90
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9.80-18.0
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0.50-5.90
O.70-10.0
0.40-9.50
2.20-2.39
3.20-3.54
3.49—4.20
2.54-3.54
0.93—1.40
0.79-1.20
1.26—5.10
0.27-1.20
0.40-6.40
0.030-0.035
0.050-0.065
0.010-0.0l3
0.010-0.021
0.010-0.022
0.050-O.12
0.030-0.20
0.0070-0.050
0.010-0.27
Ratio of
extreme values
in range
1.57
1.67
1.84
3.57
3.75
3.76
11.8
14.3
23.8
1.09
1.11
1.20
1.39
1.50
1.52
4.05
4.44
16.0
1.17
1.23
1.30
2.10
2.20
2.40
6.67
7.14
27.0
1.09
1.20
1.27
3.33
4.14
4.67
15.0
16.7
17.1
No. of
analytical
methods
4
p
v
w
w
w
w
w
w
w
m
N
N
N
N
N
N
N
N
N
m
m
m
p
m
m
m
p
w
w
w
u
a
m
w
w
m
Total no.
of
analyses
H
P
‘
H
m
.
m
o
J
m
<
»
o
‘
o
n
u
c
\
o
<
a
o
x
m
x
n
H
P
A
O
N
.
.
.
a
s
of
an
al
yt
ic
al
c
o
n
c
e
n
t
r
a
t
i
o
n
da
ta
in
co
rp
or
at
ed
in
to
m
e
a
n
s
,
ug
/
L
Mean 1
standard
error
4.35:1.04
9.21:0.81
13.1 £0.98
5.23:0.77
7.94:0.77
.40:l.45
.22:O.93
.43:0.73
.00:0.92
.30:0.99
.31:0.88
0l:0.88
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)
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0.21:0.03
0.19:0.94
0.1910.03
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1.27:0.67
1.66:0.76
2.06:0.66
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-120—
.033:0.021
.056:0.020
.012i0.035
.01310.027
.015:0.020
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 Table 30
Element Sample
Cu
Zn
Cd
Pb
Precisions
used
in
calculations
of
standard
errors
of
means, ug/La
type
UNW
FNW
UNW
FNW
UNW
FNW
UNW
FNW
Concentration
range
1.6—10.0
13.9—223
0.7—23.5
O.8-7.9
10.5—47.0
70-1164
1.0-10.5
10.2-24.2
0.01—0.29
0.5-1l.4
0.01—0.43
0.15—4.0
16-305
0.13—13.3
c
Sw Degrees
freedom
of
1.06 102
6.75 21
1.61 42
1.09 37
2.33 24
0.50 4
1.26 17
6.98 2
0.064 44
use above
0.050 18
0.71 51
7.69 16
0.18 12
1.49
5.28
1.70
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ss
ol
ve
d
nor
to
ta
l
co
nc
en
tr
at
io
ns
bu
t
in
te
rm
ed
ia
te
es
ti
ma
te
s.
Re
fe
r
to
th
e
te
xt
fo
r
di
sc
us
—
si
on
an
d
to
ot
he
r
ta
bl
es
fo
r
di
ss
ol
ve
d,
to
ta
l
an
d
su
sp
en
de
d
se
di
me
nt
tr
ac
e
el
em
en
t
co
nc
en
tr
at
io
nS
.
Me
an
co
nc
en
tr
at
io
ns
re
po
rt
ed
in
Ta
bl
e
35
we
re
ca
lc
ul
at
ed
fr
om
ex
pa
nd
ed
ve
rs
io
ns
of
th
es
e
da
ta
an
d
in
di
vi
du
al
va
lu
es
wh
er
e
pO
SS
ib
le
,
af
te
r
rejection of a limited number of outliers.
bT
he
st
an
da
rd
er
ro
r,
s/
/n
,
is
re
po
rt
ed
fo
r
da
ta
in
co
lu
mn
s
1
an
d
2A
,
wh
er
ea
s
tS
//
H
fo
r
95
%
co
nf
id
en
ce
li
mi
ts
as
re
po
rt
ed
by
Dr
.
Be
rm
an
is
re
po
rt
ed
fo
r
da
ta
in
co
lu
mn
4.
St
an
da
rd
de
vi
at
io
ns
us
ed
he
re
(f
or
1,
2A
)
we
re
ob
ta
in
ed
fr
om
ta
bl
es
14
an
d
22
re
sp
ec
ti
ve
ly
.
Va
lu
es
li
st
ed
fo
r
la
bo
ra
to
ry
/m
et
ho
d
2A
we
re
.
ca
lc
ul
at
ed
by
th
e
au
th
or
fr
om
da
ta
pr
ov
id
ed
by
Dr
.
St
oe
pp
le
r.
No
er
ro
r
es
ti
ma
te
s
are available for the other data.
C
R
e
s
u
l
t
s
o
b
t
a
i
n
e
d
b
y
c
a
l
i
b
r
a
t
i
o
n
c
u
r
v
e
a
n
d
s
t
a
n
d
a
r
d
a
d
d
i
t
i
o
n
m
e
t
h
o
d
s
h
a
z
e
b
e
g
n
n
p
o
o
l
e
d
.
A
l
l
d
a
t
a
i
n
c
l
u
d
i
n
g
f
i
r
s
t
e
s
t
i
m
a
t
e
s
p
r
o
v
1
d
e
d
b
y
D
r
.
S
t
o
e
p
p
l
e
i
l
:
Z
S
e
e
e
a
v
e
r
a
g
e
d
i
n
2
A
a
s
a
l
l
a
p
p
e
a
r
e
d
c
o
m
p
a
t
i
b
l
e
.
I
n
c
l
u
S
i
o
n
o
f
a
l
l
d
a
t
a
:
1
h
i
t
e
i
n
f
l
a
t
e
d
t
h
e
s
t
a
n
d
a
r
d
d
e
vi
a
t
i
o
n
;
th
e
re
al
p
e
r
f
o
r
m
a
n
c
e
of
th
e
h
e
a
t
e
gr
a:
_
m
e
t
h
o
d
c
a
n
b
e
a
s
c
e
r
t
a
i
n
e
d
b
y
r
e
f
e
r
e
n
c
e
t
o
s
t
a
n
d
a
r
d
d
e
v
1
a
t
i
o
n
s
a
n
d
d
e
t
e
c
io
n
l
i
m
i
t
s
r
e
p
o
r
t
e
d
fo
r
m
e
t
h
o
d
2B
in
T
a
b
l
e
s
22
an
d
21
re
sp
ec
ti
ve
ly
.
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 Concentrations of
d
a
t
a
f
o
r
u
n
f
i
l
t
e
r
e
d
s
a
m
p
l
e
s
a
Table 32
S
a
m
p
l
e
c
o
d
e
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
e
r
r
o
r
,
s
/
/
n
o
r
t
s
/
/
n
,
u
g
/
L
Watershed AGl
UA 290376
U
B
1
5
.
1
(
2
)
U
A
2
6
0
7
7
6
14
.2
.
c
.
.
.
b
w
w
w
w
N
w
N
N
2
.3
U
A
0
5
1
1
7
6
5.
6
UB
10
.8
UB 130377
O
O
O
O
O
O
O
O
O
A
N
v
I
Watershed AG3
UA 050476
UB
UA 080676
UB
UA 190776
UB
UC
UD
UA 141076
UB
UC
UD
A
A
N
M
v
O
U
‘
K
O
U
J
A
U
‘
G
J
W
O
H
N
A
N
O
O
O
O
O
O
O
O
O
O
O
b
-
b
L
u
C
>
H
P
4
F
J
H
I
O
U
)
u
r
\
N
c
,
o
o
N
P
—
‘
N
l
—
‘
N
i
—
‘
N
N
N
I
—
‘
H
Watershed AG4
UA
26
03
76
74
.
UB
54
.
UA
01
06
76
2.
UB
UA 120776
UB
UA 071076
UB
UC
UD
0
.
a
.
n
r
—
‘
w
m
b
m
m
x
o
b
k
—
J
x
l
A
N
v
.
.
w
w
w
w
w
w
H
N
w
w
A
N
V
O
O
O
O
O
O
O
O
O
O
\
I
\
I
\
J
\
X
U
‘
|
U
1
P
—
’
Watershed AGS
UA 310376
UB
UA 030676
UB
m
e
w
U
‘
H
U
‘
U
‘
G
O
O
D
N
N
N
M
-l24—
(
n
u
m
b
e
r
o
f
a
n
a
l
y
s
e
s
)
1
b
L
a
b
o
r
a
t
o
r
y
/
m
e
t
h
o
d
4
:
33.4(4) 2.6
31.7(4) 2.2
16.6(4) 0.9
7.6(4) 0.9
2.7(4) 0.2
2.9(4) 0.2
15.6(4) 0.9
17.9(4) 0.9
28.3(4) 1.0
<0.1
84.8(4) 6.0
65.0(4) 5.2
2.0(4) 0.1
4.4(4) 0.3
13.6(4) 1.3
<0.1
3.4(4) 0.3
2.9(4) 0.2
7.9(4) 0.6
Cont'd
z
i
n
c
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
—
d
e
t
a
i
l
e
d
standard
20.7
<0.8
 
 Table 32 Concl'd
l 4
i » :
UA
150776
6.1
0.3
9.3(4)
0.7
U5
7.0
0.3
6.0(4)
0.3
UC
5.2
0.3
<0.2
UD
5.7
0.3
<0.2
UA
210776
12.9
0.3
10.2(4)
1.3
UB
10
5(2)
0.2
UC 11 8 0.3
UD 10.0(2) 0.2
UA
250876
1.1
0.27
1.4(4)
0.1
UB . 1 0(2) 0.1
UC 1 0 0.2
UD 1.1(2) 0.1
UA
051076
0.3
0.1
0.8(4)
0.1
UB 0.8(2) 0.1
UC l 2 0.2 <0.2
00 1.0 0.2
U8 250377—1 1160 —
08 250377—5 47.0(2) 0.2
Watershed AGlO
UA 300376 37.9(2) 0.2
UB, 42.8 0.3 31.6(4) 2.2
UA 020676 20.1 0 3 13.1(4) 0.6
UA 140776 21.0 0.3 19.8(4) 1.1
UA 121076 24.3 0.3 19.2(4) 1.1
UB , - 21.6(2) 0.2
UC 25.0 0.3 6.8(4) 1.0
Watershed A613
UA 290376 12.8 0.3 12.9(4) 0.6
UB 8.5 0.3 .
UA 270776 2.8 0.2 2.5(4) _ 0.1
U8 2.8(2) 0.1
U0 3.5 0.2
UA 041176 5.9 0.3 6.4(4) 0.4
U8 5.6 0.3 0 4(4) 0.1
UB 030377 121 (2) 0.3
20.3
14.1
30.1
 
aRefer to footnote a to Table 31.
bRefer to footnote b to Table 31.
this laboratory.
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cOnly selected data, compatable with other results are listed for
 
Table 33
fo
r
un
fi
lt
er
ed
sa
mp
le
sa
.
Sample code
Watershed AGl
UA 290376
UB
UA 260776
UB
UA 051176
UB 130377
Watershed AG3
UA 050476
UB
UA 080676
UB
UA 190776
UB
UC
UD
UA 141076
UB
UC
Watershed AG4
UA 260376
UB
UA 010676
UB
UA 120776
UB
UA 071076
UB
UC
UD
Watershed AGS
UA 310376
UB
UA 030676
UB
s
/
/
n
or
ts
//
K,
ug
/
L
b
H
<0.4
<0.4
<0.4
<0.4
<0.4
<0.1
<0.4
<0.1
1.7(2)0.1
<0.4
<0.4
<0.4
<0.1
<0.4
<0.1
<0.1
<0.1
<0.4
0.10 0.04
<0.1
<0.4
0.4 0.1
<0.4
<0.4
<0.4
<0.4
<0.4
0.5 0.1
<0.4
0.09 0.04
<0.4
<0.4
<0.4
<0.4
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
c
a
d
m
i
u
m
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
(
n
u
m
b
e
r
o
f
a
n
a
l
y
s
e
s
)
1
Laboratory/method
2
A
°
21
3‘
:
3
A
i
0.16(3)0.06
O.l9(3)0.06
0.09(2)
0.02(2)
0
.
2
0
.
1
<
0
.
0
5
0.1 0.1
0.0l(2)
0.0l(2)
0.08(2)
0.
34
(4
)0
.0
5
0.
25
0.
30
(4
)0
.0
5
0.
15
0.01(2)
0.02(2)
0.14(2)
<0.05
<0.05
0.02(2)
-126-
3B
0.084
0.050
0.020
0.
0.010
0.021
0.013
0.014
0.067
0.027
0.012
0.021
0.024
0.140
0.095
0.031
0.007
 
s — detailed data
standard error,
0.26(4)0.01
0.14(4)0.01
0.07(4)0.01
0.03(4)0.01
0.03(4)0.01
0.05(4)0.01
<0.01
0.02(4)0.01
0.08(4)0.01
0.04(4)0.01
0.20(4)0.01
0.22(4)0.01
0.02(4)0.01
0.03(4)0.01
0.06(4)0.01
0.20(4)0.01
0.04(4)0.01
0.03(4)0.01
0.05(4)0.01
Cont'd
<0.7
<0.7
<1.1
<0.8
<0.7
<0.8
<0.8
<1.1
<0.8
<0.7
<0.7
<0.8
  
 Table 33 Concl'd
UA 150776
UB
UC
UD
UA 210776
UB
UC
UD
UA 250876
UB
UC
UD
UA 051076
UB
UC
UD
UB 250377-1
UB 250377-5
Watershed A610
UA 300376
UB
UA 020676
Ub
UA 140776
UB
UA 121076
UB
UC
UD
Watershed AG13
UA 290376
UB
UA 270776
UB
UC
UD
UA 041176
UB
UB 030377
aRefer to footnote a to
bRefer to footnote b to Table 31.
CRefer to footnote
dRefer to footnote
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
11.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
3.
1
+
1
+
u
x
b
r
a
r
a
p
l
b
r
a
h
a
A
-
b
k
4
b
.
>
;
>
p
+
~
¢
»
b
n
.
p
-
p
.
>
H
b
.
u
.
b
b
l
4
u
b
>
b
H
c
>
o
.
.
F
'
N
q
»
A
£
s
H
2B
.02(2>
.02(2)
.05(2)
.01(2)
.01(2)
.05(2)
.03(2)
.05(2)
0
0
0
0
0
0
0
0
0
0
0
0
3B
.028
.018
.022
.040
.050
.065
.013
.005
.022
.062
.033'
.045
.055
.170
.079
.050
.053
.068
.029
.064
.060
i
0.02(4)0.01
0.02(4)0.01
0.01(4)0.01
0.02(4)0.01
0.06(4)0.01
<0.01
<0.0l
0.02(4)0.01
o.o4(4)o.01
‘o.o4(4)o.01
o.o9(4)o.01
0.03(4)0.0l
0.02(4)0.01
.04(4)0.01
.08(4)0.01
<0.
<0.
<0.
<0.
<0.
<0.
 Table 34
Sample code
1
i
Watershed AGl
UA
29
03
76
3.
0
0.
5
UB
2.
1
0.
5
UA
26
07
76
2.
0
0.
5
U8
<l
.6
U
C
3.
8
0
.
5
UD
2.
7
0.
5
U
A
0
5
1
1
7
6
<l
.6
UB
3.
0
0.
UB
13
03
77
2
9
.
4
(
2
)
0
.
Watershed A63
UA 050476 <l.6
UB <l.6
U
A
0
8
0
6
7
6
<l
.6
UB
U
A
1
9
0
7
7
6
<l
.6
UB
<l
.6
UC
U
A
1
4
1
0
7
6
<l
.6
UB <l.6
UC
1.
8
0.
Watershed AG4
UA
26
03
76
27
.6
0.
5
UB
21
.0
0.
5
UA 010676 <l.6
UB <l.6
UA 120776 <l.6
UB
3.
1
0.
5
UA
07
10
76
2.
1
0.
5
08 <l.6
UC <l.6
Watershed AG5
UA
31
03
76
1.
7
0.
5
UB <l.6
U
A
0
3
0
6
7
6
<l
.6
UB <l.6
U
A
1
5
0
7
7
6
<l
.6
UB
1.
6
0.
5
UC
UD
1.
8
0.
5
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
l
e
a
d
i
n
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
u
n
f
i
l
t
e
r
e
d
s
a
m
p
l
e
s
a
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
(
n
u
m
b
e
r
o
f
a
n
a
l
y
s
e
s
)
s
/
J
E
o
r
t
s
/
/
E
.
u
g
/
L
b
L
a
b
o
r
a
t
o
r
y
/
m
e
t
h
o
d
Z
A
C
2
3
c
3
A
i
2.3(3)0.4
2.0(3)0.4
1.9(2)
0.3(2)
1.1(5)0.3 0.80(2)
<1
30.2(2)
:0.2(2)
0.6(2)
34
(5
)
4
22
.4
(2
)
32
(5
)
4
20
.4
(2
)
0.5(2)
1.1(2)
1.3(2)
3.0(3)0.4
<1
0.3(2)
1.0(2)
1.0(2)
-128-
.4.
p
l
e
s
—
d
e
t
a
i
l
e
d
d
a
t
a
f
o
r
standard error
33
4
5d
1’
0.2(4)0.l <2.3
0.3(4)0.l <2 3
1.19 0.6(4)0.l
1.490
0.420 <0.l
0.910
<0.2
O.2(4)0.1
0
.
1
3
9
<0
.1
<3
.8
0.142
0
.
1
6
8
<0
.1
(3
.8
0.202
0.375 <0.l
0.517 <0.1
22.6(4)1.2
20.1(4)1.1
0.365 <0.l
1.020 0 4(4)0.l
1.110
1.280 0.4(4)0.1 <4.2
1.290 <0.l
0.3(4)0.1
0.3(4)0.l
0.382 <0.1
0.187
1.130 0.2(4)0.1
1.260 0.2(4) .1
0.
88
8
<0
.1
<2
.1
1.050 <0.l
Cont'd
 
 Table 34 Concl'd
1 2A 2B 13A 3B 4
: i :
UA 210776 2.4 0.5 1.8(2) '1.720 0.8(4)0.1
UB <l.6
UC 3.3 0.5 1.980
UD 2.6 0.5
UA 250876 <l.6 :O.2(2) 0.068 <0.1
UB <l.6
UC 0.138
UD <l.6
UA 051076 <l.6 <O,2(2) 0.130 <0.1
UB <l.6 _
UC 0.203 <0.1 <4.2
UB 250377—1 305 -
UB 250377—5 16(2) 0 4
Watershed AGlO
UA 300376 4.6(2)0.4
UB 6.3 0.5 3.9(3) 6.250 0.6(4)0.
UA 020676 <l.6 1.4(3) 5.120 0.3(4)0.
UB 3.920
UA 140776 <l.6 <0.2(2) 4.500 0.3(4)O <3.8
UB ‘ 2.210
UA 121076 <l.6 1.0(3) 4.480 0.4(4)0 <4.2
UB 3.0(2)0 4
UC <l.6 3.350 <0.l(4) <4.2
Watershed AG13 r 3
UA 2
9037
6
<l.6
0.6(2
)
0.93
5
0.2(
4)0.
UB <l.6 -
UA 2
7077
6
<l.5
0.7(3
)
2.98
0
0.2(
4)0.
UB <l.6
uc 0.730
UA 041176 <1,6 0.7(2) 0.633 0.2(4)0 <2.1
UB
3.0
0.5
1.76
0 <
0.1(4
)
<3.8
UB 030377 39.1(2)0.4
aRefer to footnote a to Table 31.
bRefer to footnote b to table 31.
CRefer to footnote c to Table 31.
dRefer to footnote c to Table 32.
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T
a
b
l
e
35
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
of
Cu
,
Zn
,
C
d
a
n
d
P
b
in
u
n
f
i
l
t
e
r
e
d
n
a
t
u
r
a
l
w
a
t
e
r
s
a
m
p
l
e
s
,
a
v
e
r
a
g
e
d
o
ve
r
f
i
e
l
d
an
d
l
a
b
o
r
a
t
o
r
y
s
u
b
s
a
m
p
l
i
n
g
an
d
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
o
l
o
g
i
e
s
a
.
W
a
t
e
r
s
h
e
d
M
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
:
s
t
a
n
d
a
r
d
e
r
r
o
r
(n
o.
o
f
f
i
e
l
d
s
u
b
s
a
m
g
l
e
s
,
n
o
of
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
s
,
t
o
t
a
l
a
n
d
n
o
.
o
f
a
n
a
l
y
s
e
s
)
u
g
/
L
.
s
a
m
p
l
i
n
g
d
a
t
e
C
u
Z
n
C
d
P
b
t
“
i
i
W
a
t
e
r
s
h
e
d
A
G
l
2
9
0
3
7
6
1
3
.
9
3
.
3
(
2
,
4
,
1
6
)
1
5
.
8
4
2
6
0
7
7
6
5
.
7
9
0
.
7
5
(
4
,
5
,
1
5
)
1
5
.
3
4
0
5
1
1
7
6
5
.
2
2
0
.
7
6
(
2
,
5
,
1
1
)
7
.
8
9
0.
1
3
0
3
7
7
2
7
.
8
7
.
1
(
1
,
1
,
2
)
2
2
8
9
9
(2
,1
,4
)
0
.
1
8
9
0
.
0
0
0
(
2
,
2
,
1
4
)
1
.
6
5
0
.
7
4
(2
,3
,1
6)
.9
(
4
,
2
,
9
)
0
.
0
7
6
0
.
0
2
0
(
2
,
3
,
8
)
1
.
6
7
0
.
6
5
(
3
,
4
,
1
1
)
77
(2
,2
,6
)
0
.
0
3
3
0
.
0
2
0
(
2
,
3
,
8
)
1
.
3
2
0
.
7
8
(2
,3
,5
)
(
1
,
1
,
2
)
1
.
7
5
0
.
0
3
9
(
1
,
1
,
2
)
2
9
.
4
8
.
5
(
1
,
1
,
2
)
W
a
t
e
r
s
h
e
d
A
6
3
0
5
0
4
7
6
1
.
6
5
0
.
7
5
(
2
,
5
,
1
9
)
2
.
9
7
0
.
6
9
(
2
,
2
,
1
2
)
0
.
0
9
5
—
(
2
,
2
,
1
0
)
‘
0
.
6
9
0
.
7
6
(
2
,
3
,
1
0
)
0
8
0
6
7
6
2
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,
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)
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1
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,1
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)
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.
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7
2
0
.
0
2
0
(
3
,
4
,
1
3
)
0
.
9
3
0
.
7
8
(2
,3
,5
)
W
a
t
e
r
s
h
e
d
A
6
4
2
6
0
3
7
6
4
3
.
9
3
.
1
(
2
,
4
,
2
2
)
6
9
.
7
3
.
5
(
2
,
2
,
1
0
)
0
.
2
8
5
0
.
1
7
3
(
2
,
4
,
1
9
)
2
5
.
3
3
.
8
(
2
,
4
,
2
4
)
0
1
0
6
7
6
5
.
2
3
0
.
7
7
(
2
,
5
,
1
1
)
2
.
0
4
0
.
7
3
(2
,2
,7
)
0
.
0
1
4
0
.
0
2
5
(1
,3
,7
)
0
.
4
3
0
.
9
7
(1
,2
,3
)
1
2
0
7
7
6
3.
80
0
.
7
6
(2
,5
,1
1)
5.
08
0.
77
(2
.2
.6
)
0
.
0
2
4
0
.
0
2
0
(2
,3
,8
)
1.
41
0.
67
(2
,4
,9
)
0
7
1
0
7
6
2
.
2
4
0
.
7
2
(
4
,
5
,
2
0
)
1
0
.
5
3
.
4
6
(
4
,
2
,
9
)
0
.
1
1
9
0
.
0
2
0
(
4
,
4
,
1
4
)
1
.
2
0
0
.
6
7
(2
,4
,9
)
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d
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S
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1
0
3
7
6
9
.
2
1
0
.
8
1
(
2
,
4
,
1
8
)
3
.
1
0
0
.
7
4
(
2
,
2
,
1
0
)
0
.
0
3
5
—
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,1
,8
)
1
.
6
6
0
.
7
6
(2
,3
,1
2)
0
3
0
6
7
6
2
.
8
1
0
.
7
6
(
2
,
5
,
1
2
)
6
.
1
0
0
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7
7
(2
,2
,6
)
0
.
0
3
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0
.
0
2
0
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9
0
.
9
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5
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.
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2
2
0
.
0
2
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,
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.
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(
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,
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,
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2
1
0
7
7
6
3
.
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6
0
.
7
5
(
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,
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,
1
5
)
1
0
.
6
3.
4
(
4
,
2
,
1
0
)
0
.
0
5
6
0
.
0
2
0
(2
,3
,8
)
1
.
7
9
0
.
6
5
(3
,4
,1
1)
2
5
0
8
7
6
1
.
9
2
0
.
7
7
(
4
,
5
,
1
4
)
1
.
2
1
0
.
7
0
(
4
,
2
,
1
0
)
0
.
0
1
2
0
.
0
3
5
(
2
,
2
,
3
)
0
.
1
5
0
.
9
4
(
2
,
2
,
4
)
0
5
1
0
7
6
2
.
0
2
0
.
7
2
(
4
,
5
,
1
8
)
0
.
8
0
0
.
7
0
(4
,2
,9
)
0
.
0
1
5
0
.
0
2
0
(2
,3
,8
)
0
.
1
8
0
.
9
4
(2
,2
,4
)
2
5
0
3
7
7
-
1
2
2
3
9
(1
,1
,1
)
1
1
6
0
11
(1
,1
,1
)
1
1
.
4
2
0
.
0
5
9
(1
,1
,1
)
3
0
5
10
(1
,1
,1
)
2
5
0
3
7
7
—
5
9
.
9
6
1
.
6
8
(1
,1
,2
)
4
7
.
0
5.
0
(1
,1
,2
)
0
.
5
4
5
0
.
0
3
9
(1
,1
,2
)
1
6
.
2
8
.
5
(1
,1
,2
)
W
a
t
e
r
s
h
e
d
A
G
1
0
3
0
0
3
7
6
7
.
9
4
0
.
7
7
(
2
,
5
,
1
1
)
3
0
.
5
2
9
(
2
,
3
,
8
)
0
.
0
8
1
0
.
0
2
5
(
1
,
3
,
7
)
3
.
9
6
0
.
6
6
(
2
,
4
,
1
1
)
0
2
0
6
7
6
3
.
4
1
0
.
7
6
(
2
,
5
,
1
1
)
1
6
.
6
3
6
(1
,2
,5
)
0
.
0
3
6
0
.
0
2
0
(2
,3
,8
)
2
.
0
6
0
.
7
5
(2
,3
,9
)
1
4
0
7
7
6
2
.
7
1
0
.
8
9
(
2
,
4
,
6
)
2
0
.
4
3
.
6
(
1
,
2
,
5
)
0
.
0
7
4
0
.
0
2
0
(
2
,
3
,
8
)
1
.
3
0
0
.
7
6
(
2
,
3
,
8
)
1
2
1
0
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6
3
.
4
3
0
.
7
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(
4
,
5
,
1
6
)
1
8
.
1
2
9
(
3
,
2
,
1
2
)
0
.
0
6
7
0
.
0
1
8
(
2
,
3
,
1
2
)
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.
0
6
0
.
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6
(
3
,
4
,
1
0
)
W
a
t
e
r
s
h
e
d
A
6
1
3
2
9
0
3
7
6
4
0
.
8
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8
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2
,
4
,
9
)
1
1
.
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3
.
5
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2
,
2
,
6
)
0
.
0
4
4
0
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0
2
5
(
1
,
3
,
7
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0
.
5
8
0
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7
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3
,
7
)
2
7
0
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,
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T
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n
t
r
a
t
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o
n
s
w
e
r
e
d
e
t
e
r
m
i
n
e
d
u
n
d
e
r
v
a
r
i
o
u
s
c
o
n
d
i
t
i
o
n
s
g
i
v
i
n
g
m
e
a
s
u
r
e
s
o
f
d
i
s
s
o
l
v
e
d
,
a
c
i
d
—
a
n
d
s
o
l
v
e
n
t
—
e
x
t
r
a
c
t
a
b
l
e
l
e
v
e
l
s
.
T
h
e
y
a
r
e
n
e
i
t
h
e
r
d
i
s
s
o
l
v
e
d
n
o
r
t
o
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
b
u
t
i
n
t
e
r
m
e
d
i
a
t
e
e
s
t
i
m
a
t
e
s
.
R
e
f
e
r
t
o
t
h
e
t
e
x
t
f
o
r
d
i
s
c
u
s
-
s
i
o
n
a
n
d
t
o
o
t
h
e
r
t
a
b
l
e
s
f
o
r
d
i
s
s
o
l
v
e
d
,
t
o
t
a
l
,
a
n
d
s
u
s
p
e
n
d
e
d
s
e
d
i
m
e
n
t
t
r
a
c
e
e
l
e
m
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.
b
g
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
v
e
r
a
l
l
s
u
b
s
a
m
p
l
e
s
a
n
d
m
e
t
h
o
d
s
,
i
i
a
n
d
s
t
a
n
d
a
r
d
e
r
r
o
r
s
s
/
/
ﬁ
,
w
e
r
e
c
o
m
p
u
t
e
d
f
r
o
m
t
h
e
e
q
u
a
t
i
o
n
s
:
X
=
Z
i
x
1
/
n
,
a
n
d
s
/
J
n
=
(
(
1
/
n
)
z
(
n
s
B
2
+
E
:
s
§
/
k
i
)
]
5
,
w
h
e
r
e
X
i
(
=
E
i
x
i
k
/
k
i
)
i
s
t
h
e
m
e
a
n
o
f
t
h
e
i
t
h
m
e
t
h
o
d
,
k
i
i
s
t
h
e
n
u
m
b
e
r
o
f
1
r
e
p
l
i
c
a
t
e
a
n
a
l
y
s
e
s
o
n
a
l
l
s
u
b
s
a
m
p
l
e
s
f
o
r
t
h
e
s
a
m
p
l
i
n
g
d
a
t
e
b
y
t
h
e
i
t
h
m
e
t
h
o
d
,
n
i
s
t
h
e
n
u
m
b
e
r
o
f
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
s
(
1
—
5
)
,
a
n
d
s
;
a
n
d
5
%
a
r
e
w
i
t
h
i
n
—
a
n
d
b
e
t
w
e
e
n
—
m
e
t
h
o
d
v
a
r
i
a
n
c
e
s
r
e
s
p
e
c
t
i
v
e
l
y
.
D
a
t
a
u
s
e
d
i
n
c
a
l
c
u
l
a
t
i
o
n
s
o
f
X
a
n
d
s
/
/
n
c
o
r
r
e
s
p
o
n
d
t
o
t
h
o
s
e
r
e
p
o
r
t
e
d
i
n
T
a
b
l
e
s
3
1
—
3
4
w
i
t
h
t
h
e
f
o
l
l
o
w
i
n
g
e
x
c
e
p
t
i
o
n
s
:
(1
)
i
n
d
i
v
i
d
u
a
l
r
e
s
u
l
t
s
r
a
t
h
e
r
t
h
a
n
l
a
b
o
r
a
-
t
o
r
y
m
e
a
n
s
a
n
d
,
w
h
e
r
e
p
o
s
s
i
b
l
e
,
e
x
p
a
n
d
e
d
v
e
r
s
i
o
n
s
o
f
t
h
e
s
e
d
a
t
a
w
e
r
e
u
s
e
d
,
(2
)
a
c
t
u
a
l
v
a
l
u
e
s
h
a
v
e
b
e
e
n
u
s
e
d
f
o
r
s
o
m
e
d
a
t
a
f
r
o
m
l
a
b
o
r
a
t
o
r
y
1,
r
e
p
o
r
t
e
d
a
s
b
e
l
o
w
t
h
e
d
e
t
e
c
t
i
o
n
l
i
m
i
t
,
(3
)
g
x
r
e
p
o
r
t
e
d
f
o
r
m
e
t
h
o
d
2
8
h
a
s
b
e
e
n
t
a
k
e
n
a
s
x,
(4
)
a
s
m
a
l
l
nu
mb
er
of
s
us
p
e
c
t
e
d
o
ut
l
i
e
r
s
ha
ve
b
e
e
n
s
ub
j
e
c
t
i
ve
l
y
r
e
j
e
c
t
e
d
p
r
i
o
r
to
c
a
l
c
ul
a
t
i
o
n
.
A
n
a
l
yt
i
c
a
l
m
e
t
h
o
d
s
2A
an
d
28
,
as
we
ll
as
3A
an
d
38
we
re
re
sp
ec
ti
ve
ly
ta
ke
n
as
id
en
ti
ca
l.
 Table
36
concentrations
of
copper
in
natural
water
samples
-
detailed
data
for
filtered
samples,
uncorrected
for
filtration
contamination.
Sample
code
Mean
concentration
(no.
of
analyses)
1
standard
error,
s//H or ts//H, ug/La
Laboratory/method
1
2Ab
213’”
3A
3B
4
5
+
I
+
H
-
Watershed AGl
aRefer to footnote b to Table 31.
b
FA 260776
2.7
0.3
3.1(2)
6.9(4)0.9
4.4
FB 3.3 0.3
FA 051176 2.9 0.3
FA 130377 3.6(2)0.2
Watershed AG3
FA 050476
2.5
0.3
3.1(2)0.6
2 3(4)0 8
FB
2.1
0.3
3.1(2)0.6
2.5(4)0 8
4.7
FA 080676 1.7 0.3 3.5(2) 6 5(4)o 8 4,9
FB 3.7 0.3
FA 190776
1.5
0.3
2.6(2)
1.7
3 3(4)0 9
3 8
FB 2.0 0.3 2.3
FA 141076 2.1 0.3 1.5(2) 1.0 3.1(4)0 9 4.4
FB
2.7
0.3
1.6
6.4(4)0 9
3.5
Watershed AG4
FA 260376 19.7 0.3
FA 010676 3.5 0.3 4.1(2) 3.4 4.4(4)0.9 2.4
FB 3.6 0.3 2.3
FA 120776 2.4 0.3
FB 1.8 0.3 1
FA 071076 1.7 0.3 {
Watershed AGS
FA 310376 9.3 0.3 12.3(4)O.6 7.5(2) 12.5(4)0 8 g
FB 6.1 0.3 10.0(3)0.6 8.5(4)0.8 7.4 i
FA 030676 1.3 0.3 3.7(3) 5 4(4)0.9 3.4 1
FB 2.7 0.3 1.8 1
FA 250876 1.7 0.3 1.7(2) 2.0 2.5(4)0.9 2 7 1
FB 1.2
FA 051076 1.6 0 3 0.9(2) 0.4 2.4(4)0.9 1.9
FB 9.5 4.4(4)0.9 6 3
FA 250377—1 2.0(2)0.3
FA 250377—5 1.4(2)0.3
Watershed AGlO
PA PE 00376 23.5 0.3
FA/020276 1.3 0.3 2.4(2) 1.1 7.2(4)0-7 4-2 1
FB 3.0 3
FA 140775 <0.8 3.2(2) 1.9 9.6(4)0.8 3.5 1
FB 2 7(2)0 3 2-6 1
FA 121076 <0.8
\
1
gitg
gzgg
g A
G 3
12.6
0.3
10.8
(2)
9.8
18.0
(4)0
.9
13.1
1
14.9 0.3
E:
2707
76
1.7
0.3
2.2(
2)
3.9
6.8(
4)0.
8
3.1
1
1.9 0.3
E: 041176 3.4 0,3 3 4(2) 2.9 5.9(4)O.8 2.4 ‘
FB
0.5
3.3
(4)
0.8
3.7
1
FA 030377 5.6(2)0.2
\
w
1
Refer to footnote c to Table 31.
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Co
nc
en
tr
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io
ns
of
zi
nc
in
na
tu
ra
l
wa
te
r
sa
mp
le
s
—
de
ta
il
ed
da
ta
fo
r
fi
lt
er
ed
sa
mp
le
s,
un
co
rr
ec
te
d
fo
r
filtration contamination.
Sa
mp
le
co
de
Me
an
co
nc
en
tr
at
io
n
(n
o.
of
an
al
ys
es
)
1 standard error, s//n or ts//n, ug/L
Laboratory/method
1 4
t
2‘:
Watershed AGl
FA
29
03
76
11
.0
0.
3
40
.8
(4
)
5.
2
FA
26
07
76
1
0
0.
2
1.
3(
4)
0.
1
FB
1.
2
0.2
FA
05
11
76
3.4
0.2
FA
13
03
77
4.
0
0.
2
Watershed AG3
FA
05
04
76
3.
2(
2)
0.1
8.
7(
4)
1.
0
FB
4.2
0.2
6.1
(4)
0.5
FA
08
06
76
3.5
0.2
3.2
(4)
0.1
FB
3.3
0.2
FB 190776 10.5 0.3
FA
14
10
76
2.
9
0.2
2.
0(
4)
0.1
FE
3.3
0.2
<0.
1
Watershed AG4
FA 260376 9.8 0.3
FA
010
676
4.1
0.2
4
2(4
)
0
3
FB 3.5 0.2
FA 120776 9.2 0.3
FB 3.6 0.2
FA 071076 2.4 0.2
Watershed AGS
FA
310
376
2.5
0.2
2.9
(4)
0.2
FB
3.3
(2)
0.1
3.3
(4)
0.3
FA
030
676
5.3
0.3
5.2
(4)
0.3
FB 8.8 0.3
FA
250
876
0.8
0.1
1.1
(4)
0.1
FA
051
076
2.4
0.2
2.2
(4)
0.1
FB
<0.
2
FA 250377-1 1.0(2) 0.1
FA 250377-5 5.4(2) 0.2
Watershed AGlO
FA/FB 300376 8.1 0.3 .
FA
020
676
17.
1
0.3
11.
4(4
)
0.5
FA
140
776
5.4
0.3
2 7
(4)
0.1
FA 121076 3.9 0.2
Watershed AGl3
FA
290
376
8.0
O 2
9.4
(4)
0.4
FB 14.1 0.3 '
FA
270
776
. 0.
8
0.1
1.2
(4)
0.1
FB 1.0 0 2
FA 041176 27.4 0.4 27.3(4) 1.1
FE
14.
7(4
)
1.1
FA 030377 4.3(2) 0.1
aRefer to footnote b to Table 31.
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Co
nc
en
tr
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io
ns
of
ca
dm
iu
m
in
na
tu
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l
wa
te
r
sa
mp
le
s—
de
ta
il
ed
da
ta
fo
r
fi
lt
er
ed
sa
mp
le
s,
un
co
rr
ec
te
d
fo
r
fi
lt
ra
ti
on
co
nt
am
in
at
io
n
Sa
mp
le
co
de
Me
an
co
nc
en
tr
at
io
n
no.
of
an
al
ys
es
)
1 s
ta
nd
ar
d
er
ro
r,
s//n or ts//n, ug/L
Laboratory/method
1
2A
b
213
”
3A
3B
4
5°
4*
+
Watershed AGl
FA
29
03
76
0.
4
0.
1
0.
15
(4
)0
.0
1
FA
26
07
76
<0
.4
0.
01
(2
)
0.
00
8
0.
01
(4
)0
.0
1
0.
6
FB
<0
.l
0.
00
7
FB 051176 <0.l
FA
13
03
77
0.
l3
(2
)0
.0
3
Watershed AG3
FA
05
04
76
<0
.4
<0
.0
5
0.
04
(4
)0
.0
1
FB
<0
.4
<0
.0
5
0.
04
(4
)0
.0
l
<0
.7
FA 080676 <0.4
FB
<0
.1
<0
.0
1
1.
2
FA
19
07
76
<0
.4
0.
05
(2
)
0.
01
0
0.
03
(4
)0
.0
1
1.
2
FB
<0
.1
0.
05
5
FA
14
10
76
<0
.4
0.
07
(2
)
0.
01
0
0.
06
(4
)0
.0
1
2.
2
FB
0.
16
0.
04
0.
27
1
0.
11
(4
)0
.0
1
2.
8
Watershed A64
FA
26
03
76
<0
.4
\
FA
01
06
76
<0
.4
‘
0.
01
(2
)
0.
02
0
0.
01
(4
)0
.0
1
2.
8
FE
<0
.1
0.
01
2
FA 120776 <0.4
FB <0.4
FA 071076 0.10 0.04
Watershed AG5
FA
31
03
76
<0
.4
<0
.0
5
<0
.0
5
0.
04
(4
)0
.0
1
FB
<0
.4
<0
.0
5
0.
06
(4
)0
.0
1
0.
7
FA
03
06
76
<0
.4
0.
01
(2
)
0.
01
6
0.
02
(4
)0
.0
1
<0
.8
FB
<0
.4
0.
01
5
FA
25
08
76
<0
.4
0.
01
(2
)
0.
02
7
<0
.0
1
1.
8
FB
0.
02
9
FA
05
10
76
<0
.4
0.
01
(2
)
0.
01
6
<0
.0
1
2.
6
FB
0.
06
(4
)0
.0
1
1.
7
FA
2
5
0
3
7
7
-
1
<O
.l
FA
25
03
77
-5
O.
10
(2
)0
.0
3
Watershed AGlO
FA
/F
B
30
03
76
0.
6
0.
1
FA
02
06
76
<0
.4
0.
02
(2
)
0.
01
4
0.
03
(4
)0
.0
1
1.
8
FB
<0
.4
0.
00
6
FA
14
07
76
0.
5
0.
1
0.
02
(2
)
0.
02
5
0.
04
(4
)0
.0
1
2.
1
FE
0.
3
0.
04
0.
03
3
F
A
1
2
1
0
7
6
<0
4
FB
Watershed AG13
FA
29
03
76
<0
.4
0.
03
(2
)
0.
03
5
<0
.0
1
(0
.8
F
B
<
0
.
4
FA
27
07
76
0.
5
0.
1
0.
02
(2
)
0.
01
7
<0
.0
1
1.
9
FB
<0
.1
0.
05
4
FA
04
11
76
<0
.4
0.
06
(2
)
0.
05
5
0.
05
(4
)0
.0
1
1.
3
pg
0.
11
8
0.
12
(4
)0
.0
1
1
2
F
A
0
3
0
3
7
7
0
.
4
3
(
2
)
0
.
0
3
 
a
R
e
f
e
r
t
o
f
o
o
t
n
o
t
e
b
t
o
T
a
b
l
e
31
.
b
R
e
f
e
r
to
f
o
o
t
n
o
t
e
c
to
T
a
b
l
e
31
.
 
C
O
n
l
y
s
e
l
e
c
t
e
d
l
o
w
le
ve
l
d
a
t
a
ar
e
l
i
s
t
e
d
fo
r
th
is
l
a
b
o
r
a
t
o
r
y
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 Table 39
for filtered samples,
Sample code
Watershed AGl
FA 290376
FA 260776
FB
FA 051176
FA 130377
Watershed AG3
FA 050476
FB
FA 080676
FB
FA 190776
FB
FA 141076
FB
Watershed AG4
FA 260376
FA 010676
FB
FA 120776
FM
FA 071076
Watershed AGS
FA 310376
FB
FA 030676
FB
FA 250876
FB
FA 051076
FB
FA 250377-1
FA 250377-5
Watershed AG10
FB 300376
FA 020676
FB
FA 140776
FA 121076
Watershed AG13
FA 290376
FB
FA 270776
FB
FA 041176
FB
FA 030377
Mean concentration (no.
s//n or ts//n, ug/La
H
-
13.3 0.5
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
<1.6
O.9(2)O.4
Laboratory/method
2Ab 2Bb
<0.2(2)
<1
<1
<0.2(2)
<O.2(2)
0.4(2)
<1
<1
of analyses)
3A
0.32(2)
C
O
0
0
0
0
0
0
0
0
0
0
0
0
0
0
O
0
0
0
0
t standard error,
3B
.062
.081
.060
.169
:256
.390
.220
.195
.158
.213
.217
.217
.364
.580
.140
.114
.253
.406
.074
.634
.453
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
<0.
m
e
|
+
F
‘
H
.1(4)0.l
.2(4)0.1
Concentrations of lead in natural water samples — detailed data
uncorrected for filtration contaminatlon.
<2.
<3.
<2.
<2.
<2.
<3.
<2.
aRefer to footnote
bRefer to footnote
cRefer to footnote
b to Table 31.
c to Table 31.
c to Table 38.
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1
3
5
—
Table
40 C
oncen
trati
ons o
f Cu,
Zn, C
d and
Pb in
filte
red n
atura
l wat
er sa
mples
avera
ged o
ver f
ield
and lab
oratory
subsamp
ling a
nd anal
ytical
methodo
logies,
uncorre
cted f
or filt
ration
contami
nation.
Wa
te
rs
he
d
an
d
samplin
g date
WaterSh
ed.AGl
290
376
260
776
051
176
130
377
Wa
te
rs
he
d
AG
3
050
476
080
676
190
776
141
076
Wat
ers
hed
A64
260
376
01
06
76
120776
07
10
76
Wat
ers
hed
AGS
310
376
030
676
150776
210776
250876
051
076
2503
77—1
2503
77~5
Wa
te
rs
he
d
AG
lO
'
300
376
020
676
140
776
121076
W
a
t
e
r
s
h
e
d
A
6
1
3
290376
270
776
041176
030
377
Mean~conce
ntration
2.04
3.00
2.
04
1.40
23.5
3
.
4
3
4.
24
0.
70
Cu
1 ,
( )
1.04(2,4,9)
2.34(1,1,l)
2.05(l,1,2)
l.01(
2,4,1
5)
1.45(2,4,9)
0.93(
2,5.1
1)
0.8
9(2
,5,
16)
2.3
(1.111)
0.93(
2,5,1
1)
2.05(
2,1,2
)
2.3
4(1
,1,
1)
0.90(2,5,20)
0.95(2.5,11)
(
)
( )
0.96(2,5,10)
0.92(2,5,15)
2.05(1,1,2)
2.05(
l,1,2
)
2.3 (
2,1,1)
0.9
8(2
,5,
10)
0.98(2,5,10)
2.34(
1,1,1
)
13.1
0.98
(2,5
,10)
3.
56
3.
22
5.
57
0.98(2,5110)
0.93(2,5,15)
2.05(
1,1,2
)
: standard error,
(no. of field subsa
mples, no. of anal
ytical
methods,
total no.
of analyse
s) ug/La
1
1
.
0
1.18
3.40
3.96
5.46
3.31
10
.5
2.57
9.
76
4.01
6.
37
2.37
0.96
2.30
1.01
5.
43
8.05
14
.6
4.06
3.
90
'1
0.
2
1.06
24.2
4.26
Zn
.t
6.0 (
1,1,1)
0.88(2,2,6)
1.59(1,1,1)
1.59(1,1,1)
0.81(
2'2,1
1)
0.8
8(2
,2,
6)
6.0 (1,1,1)
0.88(
2,2,6
)
1.S9(1,1,1)
0.88(2,2,6)
1,32(
2,1,2
)
1.59(l'1,l)
0.8
1(2
,2,
11)
0.88(
2,2,6
)
( )
( )
0.99(
1,2,5
)
0.9
9(2
,2,
5)
1.32(
l,l,2
)
1.32(
l,l,2
)
1.59(
2,1,1
)
3.0 (
1,2,5)
0.99(l,2,5)
l.59(
1,1,l
)
1.7 (
2,2,6)
0.88(2,2,6)
2.7 (2,2,9)
1.32(l,l,2)
0.1
50
0.009
0.1
30
0.040
0.
03
8
0.
11
4
0.0
12
0.1
00
0.0
50
0.0
15
0.019
0.0
29
0.050
0.0
95
0.6
00
0.020
0.
03
0
0.
03
3
0.
02
8
0.
07
7
0.4
30
Cd
4.
0.000(1,1,4)
0.006
(2,3,
8)
(
)
0.0
17(
1,1
,2)
0.000(2,1'8)
(
)
0.0
06(
2,3
,8)
0.010(2y4'13)
(
)
0.0
06(
2,3
,8)
(
)
0.039(1plyl)
0.000(2,1,8)
0.0
06(
2,3
,8)
(
)
(
)
0.
01
2(
2,
2,
4)
0.
01
3(
2,
3,
7)
0.017(1,1,2)
0.
01
7(
1,
l,
2)
0.039(2,l,l)
0.0
06(
2,3
,8)
0.006(2,3,8)
(
)
0.021(l.2,3)
0.012(2,2,4)
0.000(2
.3,12)
0.
00
0(
1,
l,
2)
0.20
0.13
0.26
0.40
0.20
0.
16
0.
33
0.35
0.28
0.
36
0.
94
P
b
t
0.00(1,l,4)
0.03(
2,2,4
)
( )
0.04(1,l,2)
0.00(
2,l,8
)
0.04(
1,l,2
)
0.03(
2,2,4
)
0.03(2,2,4)
0.1 (1,1,1)
0.03(2,2,4)
0.l3(1,l,l)
( )
0.11(2,2,5)
0.03(
2,2,4
)
( )
(
)
0.03(
2,2,4
)
0.0
3(2
,2,
4)
0.04(1,l,2)
0.0
4(1
,l,
2)
( )
0.00(2,3,8)
0.00(2,3,8)
(
)
0.0
7(1
,2,
3)
0.0
3(2
,2,
4)
0.0
3(2
,2,
4)
0.04(1,l,2)
Dat
a
use
d
in
cal
cul
ati
ons
of
X a
nd
s//
n
cor
res
pon
d
to
(es
pec
ial
ly
the
cas
e f
or
Cd
aRe
fer
to
Tab
le
35
foo
tno
te
b f
or
det
ail
s.
tho
se
rep
ort
ed
in
Tab
les
36-
39.
Val
ues
bel
ow
the
lim
it
of
det
ect
ion
and
Pb)
have
gene
rall
y b
een
omit
ted
from
calc
ulat
ions
.
 
 Ta
bl
e
41
To
ta
l
co
nc
en
tr
at
io
ns
of
Cu
in
na
tu
ra
l
wa
te
r
sa
mp
le
s—
de
ta
il
ed
da
ta
Wa
te
rs
he
d
an
d
To
ta
l
co
nc
en
tr
at
io
n
:
st
an
da
rd
er
ro
r,
pg
/L
a
sampling date
Ca
lc
ul
at
ed
fr
om
Ca
lc
ul
at
ed
fr
om
Se
le
ct
ed
da
ta
le
ve
l
in
fi
lt
er
ed
.l
ev
el
in
un
fi
lt
er
ed
sa
mp
le
+
su
sp
en
de
d
sa
mp
le
+
re
si
du
e
sediment
i
i
2
Wa
te
rs
he
d
AG
l
.
29
03
76
-
-
>1
3.
9
>3
.3
0
-
—
26
07
76
3.
43
1.
91
6.
13
0.
75
4.
78
1.
69
05
11
76
5.
94
2.
84
5.
32
0-
76
5.
63
2.
01
13
03
77
31
.0
4.
24
34
.6
'7
.1
8
32
.8
5.
08
Watershed AG3
05
04
76
>1
.8
6
-
>l
.6
5
-
-
—
08
06
76
>3
.1
5
-
>2
.2
9
,
>0
.7
6
~
—
19
07
76
>1
.4
4
—
>2
.0
9
>0
.7
5
-
-
14
10
76
>l
.5
3
—
2.
16
.
0.
73
2.
16
0.
73
Wat
ers
hed
A64
‘
.
26
03
76
29
.0
2.
99
'
46
.0
3.
15
37
.5
10
.7
010
676
.
>2.
21
>l.
82
>5.
23
>0.
77
—
—
12
07
76
3.
93
2.
63
>3
.8
0
’>
0.
76
3.
93
2.
63
07
10
76
0.
76
2.
82
,2.
25
0.
73
2.
25
0.
73
Wat
ers
hed
AGS
'
‘
V
31
03
76
—
-
>9
.2
1
>0
.8
1
'
—
-
030
676
>1.
99
>l.
83
.
.>2
.81
>0.
76
,
, '
—
-
15
07
76
>l
.9
0
>0
.7
2
3.
13
0.
71
3.
13
0.
71
210
776
>2.
34
>0.
47
3.7
3
0.7
5
3.7
3
0.7
5
250
876
>0.
79
>1.
83
>l.
92
. >
0.7
7
—
—
051
076
>1.
75
>1.
81
>2.
02
>0.
72
—
-
250
377
-1
439
-
449
>25
445
>26
250
377
-5
10.
9
2.7
1
12-
2
-.1
.74
11.
6
1.9
2
Watershed AGlO
300
376
>22
.3
>2.
81
'9.
24
0.8
0
-
9.2
4
0.8
0
020
676
2.9
6
1.8
5
3.4
1
>0.
76
‘
'
3.1
9
1.3
1
140
776
‘
7.3
1
1.9
2
2.8
5
0.8
9
A
5.0
8
2.7
9
121
076
>4.
74
>0.
54
3.6
4
0.7
3
3.6
4
0.7
3
Watershed A613
290
376
—
-
>40
.8
>3.
79
—
—
270
776
>2.
3l
>1.
83
>2.
77
20.
75
-
—
041
176
2.7
8
1.9
2
2.7
5
'>0
.84
2.7
7
1.3
6
030
377
39.
8
4.0
2
42.
8
'
7.1
7
, 4
1.3
5.0
7
a D
ata
pre
sen
ted
her
e
are
mea
ns
ove
r a
ll
sub
sam
ple
s
and
ana
lyt
ica
l m
eth
odo
log
ies
;
con
cen
tra
tio
ns
in
fil
ter
ed
wat
er
sam
ple
s
hav
e
bee
n
cor
rec
ted
for
est
ima
ted
fil
tra
tio
n p
roc
edu
re
con
tam
ina
tio
n.
Sta
nda
rd
err
ors
hav
e u
Sua
lly
bee
n c
om?
put
ed
usi
ng
pro
pag
ati
on
of
err
or
fom
ula
s
and
sta
nda
rd
err
ors
in
the
fol
low
ing
par
ame
ter
s:
con
cen
tra
tio
n
of
the
ele
men
t
in
unf
ilt
ere
d
nat
ura
l
wat
er,
fil
ter
ed
nat
ura
l w
ate
r
(un
cor
rec
ted
for
fil
tra
tio
n p
roc
edu
re
con
tam
ina
tio
n),
dis
til
led
and
dei
oni
zed
wat
er
con
tro
l s
amp
les
,
sus
pen
ded
sed
ime
nt
and
res
idu
e,
and
the
con
cen
tra
tio
n o
f t
he
sus
pen
ded
sed
ime
nt
or
res
idu
e
in
the
wat
er
sam
ple
;
standard errors of selected data were estimated as follows: when one of the
two data was selected, its standard error was taken; when the mean of the two
data was used, the standard error reported is the larger of (i) the larger
standard error //2 or (ii) the standard deviation of the mean (estimated as
0.886 x the difference of the two results) //—. > indicates one datum for
the summation is missing; - indicates no concentration data are available for
both water samples and solids. ' ~' '
1
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Table 42
Watershed and
sampling date
Watershed AGl
290376
260776
051176
130377
Watershed AG3
050476
080676
190776
141076
Watershed AG4
260376
010676
120776
071076
Watershed AG5
310376
030676
150776
210776
250876
051076
250377-1
250377-5
Watershed AGlO
300376
020676
140776
121076
Watershed A613
290376
270776
041176
030377
a
Re
fe
r
to
fo
ot
no
te
a
to
Ta
bl
e
41
.
Calculated from
level in filtered
sample + suspended
sediment
13.0
218
>2.23
>0.08
>7.27
42.7
>0.78
7.19
1.0
>2.90
>3.84
>6.60
2850
64.8
>4.82
12.9
11.9
6.99
>6.97
168
H
-
'1 87‘
Calculated from
level in unfiltered
sample + residue
>15.8
17.2
7.99
286
>2.97
>3.37
>1.32
4.31
73.6
>2.04
>5.08
10.6
>3.10
>6.10
11.1
11.2
>1.2l
>O.80
2100
63.1
37.0
>16.6
>20.4
19.4
>11.8
>2.74
5.01
182
I
+
>0.69
>0.90
->O.98
1.02
4.58
>0.73
>0.77
3.46
>0.74
>0.77
1.12
3.46
>0.70
>0.70
>523
6.42
3.48
>3.6l
>3.6l
2.95
>3.51
>0.72
0.77
20.2
Total concentration t standard error, ug/La
Tot
al
con
cen
tra
tio
ns
of
Zn
in
nat
ura
l w
ate
r s
amp
les
- d
eta
ile
d d
ata
Selected data
H
  
Tab
le
43
Tot
al
con
cen
tra
tio
ns
of
Cd
in
nat
ura
l w
ate
r s
amp
les
— d
eta
ile
d d
ata
Watershed and
sampling date
Watershed AG1
290376
260776
051176
130377
Watershed AG3
050476
080676
190776
141076
Watershed AG4
260376
010676
120776
071076
Watershed AG5
310376
030676
150776
210776
250876
051076
250377~l
250377—5
Watershed AGlO
300376
202676
140776
121076
Watershed A613
290376
270776
041176
030377
Total concentration t standard error, ug/La
Calculated from Calculated from Selected data
level in filtered rlevel in unfiltered
sample + suspended sample + residue
sediment
H
-
1
+
H
-
0.56 0.10 >0.l9 — 0.56 0.10
0.00 0.05 0.08 0.02 0.04 0.04
>0.09 >0.06 0.03 0.02 0.03 0.02
1.14 0.74 1.74 0.04 1.44 0.52
>0.01 >0.04 >0.10 - - —
— - >0.01 >0.03 - -
>0.01 >0.05 >0.01 >0.02 - -
>0.08 >0.05 0.07 0.02 0.07 0.02
>0.03 >0.03 0.29 0.02 0.29 0.02
- - >0.01 >0.03 - -
- — >0.02 >0.02 -
0.12 0.07 0.15 0.02 0.14 0.05
>0.02 >0.04 >0.04 - - -
— ~ >0.03 >0.02 - -
>0.00 >0.00 0.05 0.02 0.05 0.02
>0.00 >0.01 0.06 0.02 0.06 0.02
- - >0.01 >0.04 - -
— - >0.01 >0.02 - -
11.43 >1.9 15.42 >l.34 13.4 2.50
0.18 0.06 0.56 0.05 0.37 0.24
>O.57 >0.06 0.08 ' .0.03 0.08 0.03
- - 0.04 0.02 0.04 0.02
0.38 >0.07 >0.07 >0.02 0.4 >0.07
>0.02 >0.02 0.08 0.02 0.08 0.02
>0.00 >0.05 >0.04 >0.03 - -
- — 0.05 0.02 0.05 0.02
>0.05 >0.05 0.08 ‘0.02 0.08 0.02
3.01 0.69 I 3.66 0.04 3.34 0.49
a Refer to footnote a to Table 41.
-138—
 
 Table 44
Watershed and
sampling date
Watershed AGl
290376
260776
051176
130377
Watershed A63
050476
080676
190776
141076
Watershed AG4
260376
010676
120776
071076
Watershed AG5
310376
030676
150776
210776
250876
051076
250377-1
250377—5
Watershed AGlO
300376
020676
140776
121076
Watershed A613
290376
270776
041176
030377
a
Total concentration 1 standard error, ug/La
Calculated from
level in filtered
sample + suspended
sediment
2.51
0.22
>6.00
25.3
>0.15
>0.08
55.8
>0.05
8.66
>l.07
>0.06
>l.02
>0.76
>0.05
399
9.84
3.07
12.9
>22.1
>0.1O
>0.03
1.91
31.6
H
-
1.88
0.47
>1.33
19.2
>0.21
>0.23
5.37
>0.23
2.00
>0.67
>0.26
>0.69
>l.20
>0.23
364
9.12
1.16
2.06
>2.57
>0.24
>0.23
1.46
17.8
Re
fe
r
to
fo
ot
no
te
a
to
Ta
bl
e
41
.
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Calculated from
level in unfiltered
sample + residue
>1.65
3.01
2.70
32.1
>0.69
>0.17
>0.19
1.13
35.3
>0.43
>1.41
1.42
>1.66
>0.29
1.22
4.58
>0.15
>0.18
466
17.2
4.31
2.06
3.20
3.67
>0.58
0.93
1.37
41.4
H
-
>0.
0.
0.
9.
>0.
>0.
>0.
0.
6.
>0.
>0.
0.
>0.
>0
>108
>0.
0.
0.
9.
0.
74
75
92
56
76
94
94
80
12
97
67
68
76
94
66
.94
>0. 94
.74
.15
>0.
1.
1.
75
15
01
77
75
68
30
Total concentrations of Pb in natural water samples - detailed data
Selected data
2.51
3.01
2.70
28.7
45.6
H
-
1.88
0.75
0.92
13.6
 
 Table 45. Suspended sediment concentrations in natural water samples
Watershed Mean suspended sediment concentration(no.of determinations), mg/L
and
sampling date d Mean of
Aa Eb Cc D Ee selected values
_(Direct) (Direct) (By Diff.) (Direct) (By Diff.) 1 s//n (n)
Watershed AGl
290376 76(1) 65 71 2 8 (2)
260776 102(2)9 2569 11(1) 669 11 z 12 (1)
051176 99(1) 95(2) 68 70(1) 67 80 2 5 (5)
130377 740(1) 7402 10(1)
Watershed A63
050476 10 1o 1 12 (1)
080676 8(1) 32 8 16 1 7 (3)
190776
8(1)
10
28
15 1 7 (3)
141076 61(2) 81 50 64 1 7 (3)
Watershed A64 '
260376
343(1)
304
329 z 8 (2)
I
010676 '
120776 36(4) 42 62 47 1 7
071076 18(2) 419 12(1) 10 13 1 7 3
Watershed AGS
_
310376
2(1)
2 t 12 (1)
030676
12
429
12 2 12 (1)
150776 19(2) 18 16(1) 12 16 1 6 (4)
210776 29(2) 22 34(1) “48 33 t 6 (4)
250876
4(4)
10
7 z
8 (2)
051076
3
11
11 2 12(1)
250377-1
19.0x10 (1)
19.0 x 103(1
250377—5
350(1)
350 : 10(1)
Watershed AGlO
300376
115(1)
135
125 t 8 (2)
020676
25(3)
36(1)
49
31 2 8 (2)
140776
27(4)
64
59(1)
41
48 z 6 (4)
121076
27(2)9
75(1)
82
79 2 8 (2)
Watershed A613
290376
6(1)
639
6 2 12 (1)
270776
’ 12(2)
6
469
9 2
8 (2)
041176
4(1)
24
o
9 t
7 (3)
030377 685(1) 685 1 10 (1)
(a) Direct determination by the author;
standard deviations are t 10 mg/l for
all values except 19.0 x 103 mg/l.
(b)
Determined
in
Dr.
G.J.
Wall's
laboratory
by
weighing
wet
membrane
filters
containing the sediment.
(c)
Calculated
by the
author
from total
and
dissolved
solids concentrations
determined
in
Dr.
Wall's
laboratory.
(d)
Determined
by
Dr.
L.
Whitby
Costescu
by
weighing
dried
sediment
collected
by centrifugation.
(e)
Calculated
by
the
author
from
total
and
dissolved
solids
concentrations
determined
by
Dr.
Costescu.
(f)
Values
were
selected
by
inspection.
For
the
population
of
data
in
columns
A
to
E,
a
standard
deviation
of
12
mg/L
(32
degrees
of
freedom)
over
the
range
0-340
mg/l
was
estimated
by
the
author
and
used
to
cal’
culate
standard
error,
s//ﬁ,
where
n
is
the
number
of
data
selected
to
give
an
unweighted
mean
(equal
weight
given
to
data
in
each
column
regardless
of
no.
of
determinations).
1
(g)
Rejected
from
mean
and
standard
deviation
calculations.
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 Table 46.
Concentrations of Cu, Zn, Cd and Pb in suspended sediments - detailed data
Sample codea
I
Concentration (no. of analyses) 2 standard error, B/Vﬁl ug/gb
Cu Zn cde Pb
Ac Bd Ac Bd Ac Ac Bd
2 z + 2
Watershed AGl
290376 (LC) 94.0(2) 2.7 280(2) 15 6.2(2) 1.0 36(2) 3
260776 (LC) 348 (l) 4 430(1) 21 6.2(1) 1.0 570(1) -
260776
25.3(4) 1.9 40(2)
170(4) 10
25(2)
0 4(4) 0.1
14(4) 2 65(2)
A051176
49.4(2) 2.7 45(1)
180(2) 15
25(1)
1.2(2) 1.0
53(2) 3 100(2)
8051176 70.6(1) 3.9 240(1) 21 2.0(1) 1.4 67(1) 4
A130377 37.3(2) 2.7 290(2) 15 1 4(2) 1.0 34(2) 3
Watershed AG4
260376 (LC) 36.2(3) 2.2 25(2) 150(3) 12 45(2) 0.1(3) 0.1 15(3) 3 300(2)
5120776
_
65(1)
150(1)
150(1)
071076 (LC) 20.9(1) 3.9 25(1) 260(1) 21 20(1) 3.8(1) 1.4 74(1) 4 90(1)
Watershed AGS f f f V f
150776 (LC) 119f 240f 0.1f 64f
210776 (LC) 71 200 0.1 23
A250377-1 22.5(4) 1.9 150(4) 10 0.6(4) 0.1 21(4) 2
A250377—5' , 27.3(2) 2.2 170(2) 15 0.3(2) 0.1 28(2) 3
Watershed AGlO
A020676 -9 560(1)g 219 -9 100(1)g -
8020676 25(1) 50(1) 100(1)
140776 (LC) 90 (2)9 39 230(2)g 159 7.9(2)9 1.09 270(2)g -
121076 (LC) 30.0(1) 13.9 30(2) 230(1) 21 30(2) 0.2(1) 0.2 340(1) - 400(2)
A121076 60(1) 50(1) 80(1)
8121076 150(1) 55(1) 150(1)
Watershed AG13
A041176 90(1) 200(1) 200(1)
A030377 50.0(2) 217 ' 240(2) 15 3.8(2) 1.0 45(2) 3
aLC refers to suspended sediment provided by Dr. L. Whitby Costescu; the other 1976 samples were
provided by K. LaHay whereas 1977 samples were prepared in the author's laboratory. A and B
refer to the unfiltered A and B field-collected subsamples.
bConcentrations are expressed on a dry weight basis; values less than the detection limit are
included.
cAnalyses in the author's (M. Ihnat) laboratory of typically 5-30 mg samples using acid digestion-
flame atomic absorption spectrometry.
 
dAnalyses by D. 5. Russell and P. Tymchuk of 1—10 mg samples using optical emission spectrogra-
phy (OBS).
eBy OBS, Cd was below the detection limit (0.10 ug corresponding to 10-100 ug/g for 1-10 mg
samples) in all samples.
fValue provided by Dr. Costescu.
9Values are unreliable as only limited sample weights (31 mg) were available for analysis.
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 Table 47. Concentrations of Cu, Zn, Cd and Pb in residues — detailed dataa
Sample code Concentration (no. of analyses) 1 standard error, s//n, vg/gb
Cu Zn Cde Pb
Ac 3 Bd Ac + Bd Ac 3 Ac 1 Bd
Watershed AGl
8260776 3.9(2) 1.7 55(2) 5 0.0(2) 0.1 2(2) 3
D260776 3.5(2) 1.7 6 (2) 10(2) 5 10(2)9 0.0(2) 0.1 2(2) 3 50(2)
A051176 — 5 (l) - - 50(1)
5051176 0.0(1) 2.4 5 (2) 4(1) 7 0.0(1) 0.2 ’ 3(1) 4 80(2)
5130377 12.8(2) 1.7 110(2) 15 0.0(2) 0.1 5(2) 3
Watershed A63 f f f f /
5141076} 15 (2) 2 15(2) 5 0.0(2) 0.1 33(2) 3
Cl41076 '
Watershed AG4
3260376 7.4(1) 2 4 10 (2) 30(1) 7 10(2)g 0.0(1) 0.2 12(1) 4 60(2)
3071076 0.0(2) 1 7 11(2) 5 3.4(2) 1.0 7(2) 3
D071076 2.9(1) 2 4 0(1) 7 0.0(1) 0.2 35(1) 4
Watershed AGS
C150776 16.5(1) 2.4 300(1) 21 1.8(1) 1.4 16( ) 4
5210776 11.6(1) 2.4 15 (1) 60(1) 7 10(2)g 0.0(1) 0.2 2(1) 4 90(1)
_ D210776 - 12.5(2) — 10(2)g — - 150(2)
ﬂ B250377-l 16.9(2) 1.7 70(2) 5 0.3(2) 0.1 12(2) 3
3 8250377-5 8.9(2) 1.7 65(2) 5 0.1(2) 1 4(2) 3
Watershed AGlO
, A300376 11.0(2) 1.7 55(2) 5 0.0(2) 0.1 3(2) 3
ﬂ 8020676 0.0(1) 2.4 8(1) 7 0.0(1) 0.2 0(1) 4
‘ A140776 — 6 (1) - - 80(1)
8121076 6.1(1) 2.4 6 (2) 30(1) 7 0.2(1) 0.2 9(1) 4 70(2)
D121076 3.3(2) 1.7 30(2) 5 0.2(2) 0.1 3(1) 4
Watershed A613 f f
0270776 780 (l) - 1100(1) - 4 3(1) 0.2 6(1) 4
A04ll76 0.0(1) 2.4 0(1) 7 2 8(1) 0.2 15(1) 4
8041176 0.0(1) 2.4 70(1) 7 0.7(1) 0.2 0(1) 4
8030377 13.7(2) 1.7 130(2) 15 0 0(2) 0.1 5(2) 3
aResidue refers to solid material remaining after evaporation of acidified water sample to a
small volume. All data are for unfiltered water samples and therefore relate_to acid—leached
suspended sediment; values less than the detection limit are included. A, B, C, D in sample
codes refer to the unfiltered field-collected subsamples.
bConcentrations are expressed on a dry weight basis.
. cAnalyses in the author's (M. Ihnat) laboratory of typically 3-30 mg samples using acid
f digestion-flame atomic absorption spectrometry.
dAnalyses by D. S. Russell and P. Tymchuk of l-lO mg samples using optical emission spectro—
graphy (OES).
eBy OES, Cd was below the detection limit (0.10 ug, corresponding to 10-100 ug/g for 1-10 mg
samples) in all samples.
f . . .
Values are unreliable as only limited, sample weights @2 mg) were available for analysis.
9Detection in doubt due to interference.
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f t
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2
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4
0.0
8
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6
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7
0.0
0
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0.0
3
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0
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0.0
0
0
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8
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1
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0
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6
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0.0
0
0
0.2
0
0.1
6
' Watershed A64
f
260
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8
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7
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0
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0.0
9
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2
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0.0
3
0.0
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Table 49
Watershed
and
Sampling date
Watershed AGl
290376
260776
‘051176
130377
Watershed A63
050476
080676
190776
141076
Watershed AG4
260376
120776
071076
Watershed AGS
310376
030676
150776
210776
250876
051076
250377—5
Watershed AGIO
300376
020676
140776
121076
Watershed AGl3
290376
270776
041176
030377
Su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
in
wa
te
rs
of
ag
ri
cu
lt
ur
al
wa
te
rs
he
ds
l,
3,
4,
5,
10
an
d
13
;
co
mp
ar
is
on
of
da
ta
Su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
n
3
st
an
da
rd
err
or,
s/V
E,
mg
/L
This work3
71
11
80
740
10
16
15
64
329
47
13
12
16
33
11
350
125
31
48
79
W
K
O
K
D
O
‘
I
+
|
+
l
+
l
+
68
H
|
+
|
+
l
+
l
+
|
+
l
+
l
+
1
+
H
-
H
I
+
I
+
I
+
I
+
I
+
I
+
H
1
+
|
+
|
+
H
-
12
10
\
l
\
l
\
l
P
-
J
\
}
12
12
12
10
c
o
m
m
o
n
12
8
7
10
Project 9Ab
76.2
10.7
70.0
436.8
11.6
OMEC
19.0, 32.5, 26.0 I
81.0
439
6.6, 11.0, 5 9
8.0, 3.0
30.0, 5.3
50.0
342.9, 130.0
30.0, 31.0
39.0
1.5, 3.5, 2.5, 2.0
0.25, 41.0
1794
470
4.0
4.0, 10.0, 3.5, 5.0
70.0
35.0, 35.7
4.5
74.86
60.5, 28.0, 10.5
13.0, 46.0
5.0, 11.5
a . ,
These data are means of data including ﬂmse of project 9A reported here, and are
therefore not independent determinations in respect of project 9A data.
b
Whitby et a1. (1978).
c . . . . . . .
Data
from
NAQUA
DAT l
isted
as "O
ntari
o Min
istry
of th
e EnV
ironm
ent m
onito
ring
data
and
estimates".
Several values reflect different.sampling times; no sampling times for
sediment reported in this work, were chosen to coincide with OMB sampling times.
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 Table
50.
Contributions
of
suspended
sediments
to
concentrations
of
Cu,
Zn,
Cd
and
Pb
in
waters
of
agricultural
watersheds
l,
4,
5,
and
10;
comparison
of
data.
Watershed
Concentration
of
the
element
1
standard
error,
s/Vn,
ug/L
and
I
Cu
a
Zn
sampling
date
This
work
Project
9A
This
work
Project
9A
Watershed AGl
290376
6.6
i
0.8
6.9
19.9
i
3.6
22.0
051176
4.3
i
0.4
3.9
12.8
i
2.4
10
2
Watershed AG4
260376
_
10.5
i
1.0
12.7
36.2
i
8.3
46.3
Watershed AGS
+
7b
+
b
150776
1.9
—
0.
b
2.0
3.8
~
1.7b
3.9
210776
2.3
i
0.5
2.4
6.6
i
2.2
6.8
Watershed AGlO
020676
0.8
i
0.3
0.2
1.6
i
0.8
1.8
140776
4.3
i
0.6
2.7
11.0
i
2.3
21.5
121076
4.7
1
0.5
1.8
6.3
i
2.1
20.2
ca
Pb
Watershed AGl
290376
0.44
10.09
0.5
2.6
i
1.9
4.1
051176
0.09
:0.06
0.1
6.0
i
1.3
9.2
Watershed AG4
260376
0.03
10.03
0.1w
42.8i
5.4
11.1
Watershed AGS
150776
0.00
10.00:
0.1w
1.0
i
0.7b
1.0
210776
0.00
50.01
0.1w
0.8
i
0.8
0.8
Watershed AGlO
020676
-
3.1
i
1.1
0.1
140776
0.38
i
0.07
0.1T
13.0
i
2.0
7.2
121076
0.02
i
0
02
0.1
—
aWhitby
et
al.
1978..
The
T
and
W
codes
used
in
project
9A
for
reporting
low
level
data
are
defined
in
the
PLUARG
Handbook.
b
y
.
B
a
s
e
d
o
n
d
a
t
a
p
r
o
v
1
d
e
d
b
y
Dr.
L.
W
h
i
t
b
y
C
o
s
t
e
s
c
u
a
n
d
t
h
e
r
e
f
o
r
e
n
o
t
i
n
d
e
p
e
n
d
e
n
t
of
data
listed
for
project
9A.
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Table
51.
Watershed
and
sampling date
Watershed AGl
290376
260776
051176
Watershed AG3
050
476
080676
190776
141076
Watershed
260376
010676
120776
071076
AG
4
_
1
‘
+
6
_
Watershed
AGS
030676
051076
Watershed
020676
140776
121076
AGlO
Watershed
290376
270776
041176
AG13
aberrant,
 
aWhitby et a1. (1978); as Cu data reported by these authors are very
no comparisons are listed.
Concentrations of dissolved Cu, Zn, Cd and Pb in waters of agricultural
watersheds l, 3, 4, 5, 10 and 13; comparison of data.
Concentration of the element i standard error, s//n, ug/L
Zn
a
Cd
Pb
This work
Project 9A
This work
Project 9A
This work
Project 9A
-
0.12:0.04
9.5
—
—
2 2
7 2
0.01i0.04
0.1:2.5
6.6
—
-
3 6
7 8
0.01i0.05
-
0.08:0.05
—
13.1i0.3
— 0.1:
—
1.6
—
0.07i0.06
L
D
k
D
V
‘
.
0
m
m
N
m
w
o
M
V
O
L
n
10.1
0.00i0.05
0.1W
-
0.05:0.05
M
W
U
D
\
D
M
Q
‘
N
0
0
+
1
00
<0
.1
high and considered
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Table 52. Total concentrations of Cu and Zn in waters of agricultural
watersheds 1, 3, 4, 5, 10 and 13; comparison of data.
Watershed Concentration of the element : standard error, s//H, ug/L
and Cu Zn
sampling date
This worka OMEb This worka Project 9A° OMEb
Watershed AGl
290376 13.9: 3.3* 7 15.8: 4.9* 22.2 23
260776 4.8: 1.7 17.2: 4.9 25.5 -
051176 5.6: 2.0 - 8.0: 1.0 14.1 _
Watershed A63
050476 1.7: 0.7* 3 3.0: 0.7* 8.0 1
080676 2.3: 0.8* 3.4: 0.9* 4.2 4
190776 2.1: 0.8* 1.3: 1.0 16.2 _
141076 2.2: 0.7 - 4.3: 1.0 2.8 _
Watershed AG4
260376 37.5:10 7 — 58.2:19.4 45.9 _
010676 5.2: 0 8* — 2.0: 0.7* 4.8 _
120776 3.9: 2 6 - 7.2: 3.9 12.6 _
071076 2.3: 0 7 _ 10.6- 3.5 5 0 _
Watershed AGS
310376 9.2:,0.8* 2 3.1: 0.7* 9.2 16
030676 2.8: 0.8* ’ 6.1: 0.8* 4.1 _
150776 3 1: 0.7 “ 11.1: 1.1 9.7 _
210776 3.7: 0.8 ‘ 11.2: 3.5 12.4 _
051076 2.0: 0.7* <1 0.9: 0.7* 5.3 <1
Watershed AGlO
020676 3.2: 1.3 - 16.6: 3.6* 13.8 -
140776 2.9: 0.9 — 20.4: 3.6* 38.3 -
121076 3.9: 2 0 — 19.4: 3.0 25.3 —
Watershed A613
290376 40.8: 3.8* 2 11.8: 3.5* 20.0 6
270776 2.8: 0.8* 6 2.7: 0.7* 8.4 4
041176 2.8: 1.4 <1 5.0: 0.8 9.7 e
aWhere total concentration data are unavailable, dissolved + acid- or solvent-
extractable concentrations (denoted *) are included as estimates of total
concentrations.
bData from NAQUADAT listed as "Ontario Ministry of the Environment monitoring data and estimates".
Analysis by nitric acid digestion - atomic spectrometry; levels are not strictly total con—
centrations.
CWhitby et a1, 1978; Cu data reported by these authors being very high and
considered aberrant, are excluded.
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Watershed AGl
290
376
0.5
6
t
0.1
0
1.7
2.5
i
1.9
3.7
<2
260
776
0.0
4 i
0.0
4
0.1
w
3.0
i 0
.8
6.9
-
051
176
0.0
3 t
0.0
2
0.3
2.7
t 0
.9
9.9
—
Watershed A63
* *
050
476
0.1
0 t
0.0
*
0.3
0.7
i 0
.8*
1.7
<2
080
676
0.0
1 i
0.03
1*
0.1
w
0.2
i 0
.9*
8.5
<1
1907
76
0.02
t 0.
02
0.1W
0.2
t 0.
9
12.8
-
1410
76
0.07
i 0
.02
0.4
1.1
i 0.
8
1.8
-
Watershed AG4
260
376
0.2
9 i
0.0
2*
0.1
w
45.
6 t
12.
8*
9.8
-
0106
76
0.01
i 0
.02*
0.1W
0.4
i 1
.0
3.3
-
1207
76
0.02
i 0.
02
0.1W
8.7
i 2
.0
4.3
—
0710
76
0.14
i 0
.05
0.3
1.4
i 0
.7
2.2
-
Watershed AGS
*
3103
76
0.04
i 0.
00*
0.1W
1.7'
1 0.
8
3.3
<2
0306
76
0.03
i 0.
02
0.3
0.3
i 0.
9
1.4
_
150776 0.05 i 0.02 0.2T 1.2 i 0.7 6.5 _
210776 0.06 t 0.02 0.1T 4.6 i 0.8* 4.9 _
051076 0.02 1 0.02 0.9 0.2 t 0.9 2.8 <2
Watershed AGlO
020676 0.04 i 0.02 0.1W 2.6 i 0.8 ‘ 4.5 -
140776 0.04 i >0.07 0.1W 8.1 i 6.1 10.6 _
121076 0.08 i 0.02 1.2 3.7 t 1.0 13.8 _
Watershed A613
, i *
290376 0.04 i 0.02 0.1W 0.6 i 0.8 5.6 <2
270776 0.05 t 0.02 1.3 0.9 i 0.8 2.6 4,7
041176 0.08 i 0.02 0.2 1.6 1 1.0 6.7 <2
3 I I I I ,
Where total concentration data are unavailable, dissolved + aCid- or solvent
extractable concentrations (denoted *) are included as estimates of total con-
centrations.
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Comparison of total concentrations of Cu, Zn, Cd and Pb in waters of agricultural watersheds
1, 3, 4, S, 10 and 13 with literature data for these and other "unpolluted" fresh surface
natural waters—detailed data.
Concentration, ug/L
This work Literatureb
Llement Range(n/m)C Mediand Range(n/m)C Median Watera Reference
, or mean
Cu 2.2-445(l7/6) 3.9 22.6 2-68(l46/l) s A Gaynor 1977f
<l-230(878/6) 5 A omrg
<1-150(—/30) 3 0- Fisheries_& Environment Can. 1977h
1-33.0(44/1) 4.7 0 Chan 1977l .
2.0:1.e o Poldoski et al 19763
4.5-9.6(g12/2) 6.9 0 Philips et a1 1975k
15 0 Chawla and Chan 1969
0.4-5.0(168/170) 1.2 0 Bradford et a1 1968“
(439/—) 1.16 O Turekian E Kleinkopf 1956n
4.3—2500(15/6> 17.2 :4.9 2-200(146/l) 12 A Gaynor 1977f
<l—820(882/6) 5.5 A ourg
~1—620(—/27) <10 0 Fisheries.& Environment Can. 1977h
4—18.0 (45/1) 7.8 0 Chan 1977 l
8 O Chawla and Chan 1969
0.3-100(168/l70) 1.5 0 Bradford et a1 1968m
o.o3-13.4(17/6) 0.08:0.02 (-/1) <0.6 A Gaynor 1977f
(123/6) <1 or <10 A OMEg h
<l—6(—/25) <1 0 Fisheries.& Environment Can. 1977
<1—2.0(40/1) 1.0 0 Chan 19771 k
0.3-0.8(312/2) <o.5 0 Phillips et al 1975
0.02-0.15(10/3) 0.045 0 Doolan and Smythe 1973°
0.9—433(19/6) 3.7 21.0 <11 A Gaynor 1977f
<1—76(902/6) <2 A 0MBg h
<l—200(—/30) <1 0 Fisheries.& Environment Can. 1977
<1—7.0(45/1) 0.8 0 Chan 19771 .
N o.7:o.s o Poldoski et a1 19763k
3.5—29.4(>12/2) 5.4 0 Phillips et a1 1975
0.015 0 Hirao and Patterson 1974p
4 o Chawla and Chan 1969l
0.3-4(168/170) 0.5 0 Bradford et a1 l968m n
(439/-) 0.26 O Turekian and KleinkopfleSS
aA-PLUARG agricultural watershed; O-other natural water. All waters may not be truly unpolluted.
bAll levels reported in the literature may not, strictly speaking, be total concentrations; some
may reflect extractable concentrations. Ranges were either reported or estimated by this author,
from the data reported.
Cn is the total no. of samples (or observations) from one or more sampling locations on m different
bodies of water; — indicates unknown quantity.
dRefer to footnote to Table 9 for details.
eReported in the literature or estimated by this author. Median (or median of medians) of data
reported by Gaynor, OME, Fisheries & Environment Canada, Bradford et al; means reported by the
other authors.
fFive sites in A613 were sampled between 11/04/75 and 10/03/76.
9Based on 22 100-200 samplings of each of the six watersheds l, 3, 4, 5, 10 and 13 between 23
11/09/74 and 31/05/77 at the gauging stations near the outlet sites.
hDifferent rivers throughout Canada sampled in 1960-1975.
11974 survey of the Niagara river.
JNear—shore waters from Lakes Huron and Superior and waters from several incoming streams sampled
in 1975.
kTwo rivers passing through industrialized suburbs of Melbourne, Australia were sampled in 1974.
1Lake Erie sampled in 1967.
mHigh Sierra Lakes in California sampled in 1965.
nStream and Lake waters from Maine
oThree rivers in New South Wales, Australia sampled in 1972.
pStream runoff from Thompson Canyon, California.
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Table55 Comparison of concentrations of dissolved Cu, Zn, Cd and Pb in waters of agricultural
watersheds l, 3, 4, 5, 10 and 13 with literaturedata for other "unpolluted" fresh
surface natural waters — detailed dataa.
Concentration, ug/L
This work Literature
Range(n/m)b MedianC Range(n/m)b Median
Element or meand Reference
Cu O.S—l8.5(21/6) 2.0 11.8 l-3.0(60/l) 1.6 Chan 1977e f
0.3-3 Florence & Batley 1977
0.20—2.91 Nurnberg et al 19769
10—50(30/—) Wahlgren et al 1971b
4.9, 9.3(-/1) Wahlgren et a1 19711
1—280(~1600/m130) 15 Kopp 19703
o.72-27.5(45/1) 2.24 Silker 1964 l
0.83-105(957/15) 5.3 Durum & Haffty 1960, 1963
Zn 0.1—11.4(17/6) 3.1 12.7 <l.0—8.0(55/l) 3.5- Chan 19776 f
2—10 Florence 5 Batley 1277
6.2—600(30/—) Wahlgren et al 1971
2-1183(~1600/~130) 64 Kopp 19703
2.4—37.6(40/1) 14.4 Silker 1964
V o—215(§59/15) 0 Durum & Haffty, 1960, 19631
Cd 0.00—0.57(13/6) 0.07:0.06 <l—12.0(60/l) 0.2 Chan 1977e f
0.1-0.5 Florence & Batley 1977
0.004—0.082 Nﬁrnberg et a1 19769
o—4.7(30/-) . Wahlgren et al 1971h
1—120(~1600/~130) 9.5 Kopp 19703
Pb 0.0—13.1(11/6) 0.1 20.2 <l—l.0(60/l) 0.2 Chan 19778 f
0.2—2 Florence & Batley 1977
0.058-0.236 Nﬁrnberg et al 19769
O.l-6.2(30/—) Wahlgren et al 1971h
2-140(w1600/w130) 23 Kopp 19703 1
0-55(359/15) 4.0 Durum & Haffty, 1960, 1963
aAnalyses of typically 0.45pm filtered water samples gave "dissolved" concentrations; all waters
may not be truly unpolluted.
DRefer to footnotes to Table 53 for details.
cRefer to footnotes to Table 9 for details.
aReported in the literature orestimated by this author. Median of data reported by Silker, and
Durum and haffty; means reported by Chan and Kopp.
91974 survey of the Niagara river.
F .
‘Ranges of levels in many "unpolluted" fresh water rivers throughout the world were obtained
by tnese authors from Phillips et al 1975, Spencer et al 1970, and T.M. Florence (unpublished
results on Northern Territory rivers, Australia); data reported by Spencer et al, seem to refer
to the oceans.
gWeser river and Lake Constance.
ﬁTributaries to Lake Michigan.
+Two sites in Lake Michigan.
3Sampling of US surface waters 1958-1969.
kColumbia river (Washington, USA) sampled in 1962.
1Rivers in USA and Canada sampled in 1958—1959.
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